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The C-E Unit shown above is one of two duplicates now in 
process of fabrication for the Riverbend Steam Station, Mt. Holly, 
N. C., of the Duke Power Company. 


Each of these units is designed to serve a 135,000 kw turbine- 
generator operating at a throttle pressure of 1800 psi with a 
primary steam temperature of 1000 F, reheated to 1000 F. 


These units are of the controlled-circulation, radiant type with 
a reheater section located between the primary and secondary 
superheater surfaces. An economizer section follows the reat 
superheater section and regenerative type air heaters follow the 
economizer surface. 

Pulverized coal firing is employed, using bowl mills and tilting, 
tangential burners. 8-686 


ALL TYPES OF BOILERS, FURNACES, PULVERIZED FUEL SYSTEMS AND STOKERS: ALSO SUPERHEATERS. ECONOMIZERS AND AIR HEATERS 
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CHEMICAL CLEANING SAVED 
400 TONS OF COAL PER YEAR 


Fly ash, soot and carbonate deposits removed from 


condenser by Dowell; vacuum increased 


Fly ash and carbonate deposits on the water side of an 
800-KW turbo surface condenser had reduced vacuum 
from a normal 28” to 24”. The temperature of the 
water leaving the condenser had dropped from 95°F. 
to 85°F. 


These deposits were removed by Dowell Service with 
specially prepared liquid solvents. Result: the con- 
denser was restored to its normal operating efficiency. 
The steam requirement was reduced by 2.5 pounds per 
kilowatt hour. On the basis of 8,000 hours of yearly 
operation, the plant engineer calculated a saving of at 
least 400 tons of coal per year. 

Dowell chemical cleaning methods can be used on 
hundreds of different kinds of industrial equipment. 


DOWELL SERVICE 





Engineers especially trained for this kind of work do 
the job for you. They apply solvents according to the 
technique demanded by the job: filling, spraying, 
jetting, cascading or vaporizing. Dowell liquid solvents 
can go wherever steam or water will flow, reaching 
places inaccessible to other cleaning methods. Scaf- 
folding is unnecessary. Dismantling and downtime are 
kept to a minimum. 

A call for Dowell Service will bring experienced per- 
sonnel to your plant within a few hours with all neces- 
sary chemicals, pump trucks and control equipment. 
For complete information and estimates on the clean- 
ing of your equipment, contact the nearest Dowell 
office, or write directly to Tulsa, Dept. A-25. 


DOWELL 


Over 100 Offices to Serve You with Chemical Cleaning for: 


Boilers - Condensers - Heat Exchangers + Cooling Systems 
Pipe Lines + Piping Systems - Gas Washers + Process Towers 
Process Equipment + Evaporators + Filter Beds + Tanks 


Chemical Services for Oil, Gas and Water Wells 


A Service Subsidiary of 
THE DOW CHEMICAL COMPANY 


DOWELL INCORPORATED ¢ TULSA 1, OKLAHOMA 
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Green Light for Nuclear Power? 


President Eisenhower's December speech before the 
general assembly of the United Nations expressed most 
forcibly the desire here in the United States to see the 
world in general get about the business of developing an 
atomic energy program that will be a benefit to all man- 
kind. Much of the U. S. thinking on harnessing atomic 
power has been rather openly discussed in the technical 
press, before various engineering societies and at numer- 
ous industrial conferences. It will be extremely in- 
teresting to see whether, in the light of President Eisen- 
hower’s speech, our government is willing to revise the 
McMahon Act to expedite nuclear power development 
within our own country. 

There are, of course, some notable examples of govern- 
mental and private industry cooperation, especially in 
reactor power technology. 

At the moment we know nuclear power is not commer- 
cially feasible in the U. S. A. The reasons behind this 
appraisal make good sense. In a fuel-rich country 
such as ours atomic materials as possible power gen- 
eration sources must take their place in competition 
with other fuels. This philosophy of open competition 
has equipped our power plants to fire an ever wider 
range of fuels at lower station heat rates and at attrac- 
tive costs even against a definitely inflationary back- 
ground. It seems logical, then, that those most deeply 
involved in power generation, the public utility industry, 
will continue to explore further economies and newer 
designs along the conventional lines that promise imme- 
diate returns. Under the McMahon Act nuclear power 
does not fit into this picture. 

We believe the federal government could further the 
Eisenhower aim by devising ways and means to obtain 
greater public utility and private business participation in 
atomic energy studies. At a recent National Industrial 
Conference Board meeting on Atomic Energy in In- 
dustry, E. H. Dixon, president, Middle South Utilities, 
Inc., pointed out one such way through a revision of the 
MeMahon Act. The revision entailed (1) licensing 
electric power companies and others to proceed with 
nuclear power development; (2) arranging for ownership 
and disposal of fissonable materials, and the means 
for producing them. Further, patent protection would 
greatly enhance incentive and accelerate research and 
development. 
lo our way of thinking atomic power will experience 
most far-reaching as well as its most rapid growth 
under just such a competitive climate. Let’s hope 
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that the Atomic Energy Commission will apply the 
Eisenhower thinking to our own domestic situation. 


Professional Development 


One of the perennial topics of conversation among 
engineers concerns the manner in which young engineers 
mature as they gain industrial experience. But now 
the talking stage has been augmented by tangible action. 
Two recent reports tell of activities designed to stimulate 
professional development and provide evidence of typical 
attitudes of engineering graduates of the past several 
years. 

The 2ist Annual Report of the Engineers’ Council 
for Professional Development includes an account of the 
extensive project undertaken this past year in Cincinnati. 
Under the direction of a full time leader, Professor 
Cornelius Wandmacher, the program has placed major 
emphasis on the pattern of community organization 
and continued educational opportunities. Next year 
it is expected that more attention will be given to a study 
of orientation and training programs in industry. Con- 
siderable support for the Cincinnati experiment has 
been received from local industrial organizations and 
from local sections of the national engineering societies 
as well as the Engineering Society of Cincinnati. On 
the basis of experience gained in stimulating professional 
development in Cincinnati it is planned to undertake 
similar projects in other communities. 

In another area there is evidence of the possible danger 
in looking at professional development in too idealistic 
a manner. Attitudes of the young engineer must also 
be considered. Keynoting a report prepared by the 
Professional Engineers Conference Board for Industry 
with the cooperation of the National Society of Pro- 
fessional Engineers is the thought that security is the 
primary objective of the young engineer. This is the 
conclusion reached from a survey of more than 1300 
engineers and published in a report entitled ““How to 
Attract and Hold Engineering Talent.’’ The reason 
attributed for the emphasis on security is that the young 
graduate is quite depression conscious even though he 
may have been but a small child during the 1930's. 

The Cincinnati experiment of the ECPD is an attempt 
to coordinate activites that have hitherto been left to 
chance. It is to be hoped that the desire for security, 
if the attitude is as widespread as the survey indicates, 
will not be so strong as to impede constructive ex- 
periments to stimulate professional development. 
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The Controlled-Circulation Boiler 


By W. H. ARMACOST 


Vice-President in Charge of Engineering, Combustion Engineering, Inc. 


Many of the factors which made possible 
the development of controlled-circulation 
boilers are discussed in these excerpts from 
a paper presented at the 1953 ASME An- 


nual Meeting. In addition to descriptions 


of a number of installations, information 
is presented on operation and performance 
of units at Chesterfield and Kearny Sta- 
tions. 


N the early days boiler designers had ample tolerance 
in setting up circulation rates. This was due to the 
large difference between the density of water and steam 

at relatively low pressures. In fact, in many cases, it 
was necessary to retard the circulation rate to reduce 
turbulence in the drums. As pressures and heat inputs 
increased, more and more design attention was required 
and it was necessary to elevate the furnace-boiler system 
to obtain the necessary circulating head. One approach 
to this problem has been the development of controlled- 
circulation boilers. 

Actually, there are only a few fundamental differences 
between controlled- and natural-circulation boilers. A 
typical design of controlled-circulation boiler, as shown 
in Fig. 1, will make this clear. It will be noted that a 
steam-water drum is employed and a mixture of steam 
and water from the steam-generating tubes and feedwater 
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Fig. 1—Schematic arrangement of controlled-circulation 
boiler 


from the economizer enters the drum. Small downtake 
tubes or large pipes carry the excess boiler water, 
after it has mixed with the feedwater, back to the en- 
trance of the steam-generating circuits, and outlet 
tubes from the boiler drum deliver the separated steam 
to the superheater. All of these operations are quite 
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similar to the conventional natural-circulation boiler, 
the chief differences being that pumps are used to ‘‘force’’ 
the circulation of water through the evaporative section 
of the boiler and orifices are used to ‘‘control’’ its distri- 
bution. More specifically, by controlled circulation 
is meant those features which permit the designer to 
proportion the water supply to a furnace wall, or boiler 
section, or to individual tubes in accordance with pre- 
determined requirements, or to change the total flow 
or the distribution within limits at any subsequent time. 
This is accomplished by orifices in the inlet parts of the 
steam-generating circuits. 

The controlled-circulation units employed in this coun- 
try have been of two types. The first, Fig. 2, used in 
the early boilers consists of one drum, water walls, super- 
heater, reheater and economizer as in any conventional 
boiler, but the water is distributed from the downtakes 
to a suction manifold through the pumps to a ring header, 
which supplies the entire water wall through individual 
water-wall headers. In the ring headers are four master 
strainers. Distribution of the “‘strained water’ to the 
water walls is controlled by orifice plates inside of the 
headers, each two orifice plates being protected by a 
strainer. In addition to the regular water-wall circuit, 
there is a second circuit, referred to as a panel wall, 
which cools the area in the vicinity of the reheater. The 
panel wall is supplied water directly from the discharge 
header and has separate strainers. The steam-and-water 
mixture flows into the single drum where the steam is 
separated by means of turboseparators and from thence 
to the first or low-temperature section of the super- 
heater. 

The second type of controlled-circulation unit and 
that used in the later installations, Fig. 3, is somewhat 
simpler than the first in that no headers or master strain- 
ers are employed. Instead, one or two distribution 
drums are used at the bottom of the unit. These are 
fed from the pump-discharge manifold and supply the 
water walls through orifice plates inside the drums. This 
makes for easier maintenance and general overall sim- 
plicity. 

One of the features of controlled circulation is that 
small tubes are used. These range from 1 in. to 1°/s in. 
OD. However, the controlled-circulation principle could 
be applied to a boiler with large tubes but a great 
amount of water would have to be circulated to obtain sat- 
isfactory water velocities. To cut down on the amount of 
water circulated and for reasons pointed out later, the 
small tubes are used. 


Early Installations 


The first high-pressure boiler in the United States 
utilizing controlled circulation was installed at the generat- 
ing plant of Montaup Electric Company at Somerset, 
Mass. The Montaup boiler was completed in 1942. 
It was designed for 2000-psig drum pressure and a steain 
temperature of 960 F at the superheater outlet. !t 
supplied 650,000 Ib of steam per hr to a 25,000-kw topping 
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Fig. 2—Arrangement of controlled circulation at Chesterfield 
Station, Virginia Electric & Power Company 


Fig. 3—Arrangement of controlled circulation at Kearny 
Station, Public Service Electric and Gas Company 


turbine, the exhaust being reheated to 750 F. This was 
the first large boiler in which the furnace comprised all 
of the evaporative surface. The reasons for adopting 
controlled circulation at Montaup may be summarized 
by stating that the objective was to obtain the greatest 
possible amount of topping power from a given space 
in an existing building and within a definite appropria- 
tion. 

During the early operation of the Montaup boiler 
unforeseen difficulties developed in boiler-water condi- 
tions. Similar difficulties arose with a natural circula- 
tion boiler installed about the same time. In both 
cases, precipitation of salts occurred due to the fact that 
the solubility of phosphate and sulfate decreases as the 
temperature rises. In the case of Montaup the difficulty 
was aggravated by condenser leakage which built up a 
considerable concentration of soluble salts in the boiler 
water. Marked improvement resulted from substitution 
of potassium water-treating chemicals for the sodium 
ones previously used. In addition to this, the ultimate 
solution of the problem involved close control of the addi- 
tion of treating chemicals, lower excess of treating 
chemicals and maintenance of condenser leakage at a 
ininimum, 

\nother difficulty at Montaup was with the sealing of 
the circulating pumps. At no time was there failure of 
circulation or boiler outage due to pumps, but the gland 
hid to be redesigned and rebuilt to hold down leakage. 

\ feature in the construction of the Montaup boiler was 
the use of welded connections for connecting tubes to 
S'rength-welded nozzles on the headers and drums. A 
t\ pical arrangement of the reinforced nozzles is shown in 
lz. 4. This arrangement eliminates rollet! or mechani- 
€ | joints and therefore danger of leaks. This is of 
€ ‘reme importance in the case of high-pressure boilers 
ad the practice is being followed in present-day con- 
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trolled-circulation units; also, where it is applicable, in 
natural-circulation units. 

During the intervening years the early difficulties 
have been overcome; for the past several years the avail- 
ability of this unit has equaled or exceeded the average 
reported for boilers of comparable size and operating 
conditions. Needless to say,*the experiences gained 
have been invaluable in the design and development of 
present-day controlled-circulation boilers. 


Later Installations 


The first postwar controlled-circulation reheat unit 
to go into operation was at the Chesterfield Station of 
the Virginia Electric and Power Company. Its capacity 
is 750,000 Ib per hr at 1500 psig with 1000 F primary 
steam temperature and 1000 F reheat temperature. 
Water walls comprise the entire evaporation surface. 
Water from the drum passes through downcomers to the 
circulating pumps and thence to headers where it is dis- 
tributed to the tubes. This boiler employs the same dis- 
tribution-header arrangement as in Montaup, but an 
improved orifice arrangement was installed. Orifice 
plugs were not used for each tube; rather an orifice holder 
and screen were installed for each two or three tubes 
through a seal-welded handhole. This development 
greatly simplified the installation and maintenance of 
the units. 

Another development in the case of the Chesterfield 
boiler concerned the circulating pumps. Deriving from 
experience at Montaup, pumps of the injection type were 
developed so that mechanical seals could be installed 
at a later date. At the present time satisfactory seals 
are in use to prevent sealing water entering the boiler. 
Seals are being developed to prevent leakage to atmos- 
phere. Still another development involved the drum 
internals. Based on the experience of Montaup, a 
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Fig. 4—Kearny drum showing welded reinforced nozzles 


Fig. 5—Arrangement of circulating pumps and piping of 
controlled-circulation boilers 


‘centrifugal type’’ separator was devised. The equip- 
ment was previously found to be so efficient that no dry 
drum was included in the Chesterfield boiler. Operating 
experiences at Chesterfield have indicated satisfactory 
steam purity. 

The unit recently put into operation at the Kearny 
Station of the Public Service Electric & Gas Company 
is typical of current installations of controlled-circulation 
boilers. This unit has a continuous capacity of 955,000 
lb of steam per hr at 2650 psig. The primary steam tem- 
perature is 1100 F and the reheat temperature 1050 F. 

In addition to further developments on steam purifi- 
cation and circulating pumps, this unit has several novel 
advancements. In the first place the boiler-water cir- 
culating or distribution system was greatly improved 
and simplified. Instead of using headers and strainers, 
distribution drums are installed at the bottom of the 
unit, as shown in Figs. 2 and 3. These are fed from the 
pump-discharge manifold and supply the water walls 
through screens and orifice plates inside the drums. 
Such a system is much simpler from a maintenance 
standpoint. 


Also considerable improvement has been made in 
downtake piping and valves. In the case of Montaup 
the circulating pumps were installed on the floor below 
the unit. The supply pipes to the pumps were connected 
to a common header which received its water supply 
through two pipes connected to the bottom of the boiler 
drum. Provision for expansion was obtained by a sys- 
tem of pipe bends at the rear of the units. Discharge 
lines from all three pumps were connected to a common 
header. Expansion in the latter case was absorbed in 
the loops of tubing used to connect the discharge header 
to the main distributing header at the bottom of the 
unit. An objection to this scheme is the necessity of 
providing for expansion in large-diameter heavy-wall 
pipes without causing high stresses in the pipe connec- 
tion to the pump casing. 

An improved arrangement of pump supporting, down- 
take piping, pumps and valves, and that used in current 
installations, is shown in Fig. 5. Water is supplied to 
the common downtake header through four pipes con- 
nected to the bottom of the drum. The three pumps are 
mounted on the downtake header through the pump in- 
take located at the bottom. Discharge lines from all 
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three pumps connect to a common discharge header 
which, in turn, connects with the main distributing 
headers of the water walls. In this manner piping and 
expansion loops are avoided since the pumps are not 
attached to the building structure. 

Zach pump is equipped with a motor-operated inlet 
valve with screwed down-stop check on the outlet. 
Normally two pumps are in operation and a third is 
for standby. Provisions are made for maintaining all 
piping and the idle pump hot by one inch recirculating 
lines, through which hot water is recirculated continu- 
ously by utilizing the differential head across the pumps. 
This eliminates stresses due to expansion. 

Another feature of this boiler is the panel-wall con- 
struction. Panels are possible due to uniform metal 
temperatures obtained with controlled circulation. Such 
a typical arrangement is shown in Fig. 6. Use of small 
tubes, 1'/, in. to 1'/, in. OD, greatly facilitates the wall 
construction. That is, these tubes may readily be made 
into panels and are easy to form into definite shapes, 
for example around doors, inspection holes, and so on. 


Turbo-Steam Separator Development 


In the case of the Montaup boiler, it was desired to 
have steam of maximum purity. Consequently, the 
design called for a dry drum. When it was found that 
the steam purity was dependent on water level, replace- 
ment internals were installed. These gave a purity 
well within the guarantee. However, it was realized 
that still greater steam purity could be obtained by 
taking advantage of the relatively great pressure drop 
available on controlled-circulation boilers. After con- 
siderable development work, a greatly improved system 
resulted. 

The steam-drum internals finally adopted and used 
on current controlled-circulation boilers consist of a 
steam-water mixture collecting compartment formed 
by internal baffles, with turbo-steam separators uni- 
formly spaced and mounted on the collecting box or 
compartment. A symmetrical arrangement can be em- 
ployed so that there are two rows of the turbo-separators 
with a common internal baffle and a collecting box on 
either side of the drum. A typical arrangement 1s 
shown in Fig. 7. The operation of the steam-purifying 
equipment is as follows: 
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Fig. 6—Welded water-wall panels 


Steam-water mixture enters the top of the drum 
through nozzles discharging into an annular space formed 
by internal baffles. Flow of the mixture is directed 
downward behind symmetrical baffles around the entire 
drum surface maintaining a uniform drum-wall tempera- 
ture, and then into the turbo-separators. The latter 
contain a center core and vanes which gives the mixture a 
spinning or centrifugal motion thereby throwing the 
water to the outer edge of the inner tube. Directly 
above the directional vanes and cores there is a skim- 
off lip which directs the water over the top of the inner 
tube and thence through the annular space to the drum. 
This is the primary separation stage. The relatively 
dry steam then passes through two opposed banks of 
closely spaced corrugated plates, which changes the direc- 
tion of the steam many times and throws out much of 
the remaining water. This is the secondary separation 
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Fig. 8Schermatic arrangement of circulating-pump seal 
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Fig. 7—Section of drum showing cyclone separator and drum 
internals 


complished in the screen dryer. 

Steam-drum internals of this type were first used in 
controlled-circulation boilers built for the U. S. Navy 
Bureau of Ships. The units were thoroughly checked 
at the Naval Boiler and Turbine Laboratory at the Phila- 
delphia Navy Shipyard. Excellent results were ob 
tained. 

In 1950, in order to test internals of this design in a 
large high-pressure boiler, a similar set of internals was 
installed in the controlled-circulation boiler at Montaup. 
Tests results showed less than 0.5 ppm of solids in the 
steam when 960-ppm solids were present in the boiler 
water. Also, it was found that variation of water level 
had little if any effect on the steam purity. Furthermore, 
it was found that the dry drum was not required; there- 
fore this is eliminated in current designs. Test results 
on recently installed controlled-circulation boilers show 
a solids content in the steam of less than 0.25 ppm. 
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Fig. 1|0—Tube temperatures in Chesterfield Unit No. 3 


These data are backed by the fact that there has been 
no loss of capacity of turbines supplied with steam from 
these units. 

A secondary advantage of the turbo-steam separator 
unit is that no washing operation is involved. Conse- 
quently, less steam condenses in the drum with the result 
that less water has to be circulated. Therefore, a smaller 
drum can be used and the piping and pump for circulat- 
ing the water may be smaller. This results in consider- 
able saving in weight, especially since no dry drum is 
required. 


Circulating Pumps 


One of the major developments, in fact the one that 
made controlled circulation possible, concerned the cir- 
culating pumps. Generally three pumps are used, two 
being for service and the third for stand-by. The general 
arrangement of the pumps is shown in Fig. 8. 

The pumps raise the pressure of the water from the 
drum about 40 psi. This is sufficient to overcome the 
resistance of the orifice and the circuit proper. Dis- 
tribution of the water is controlled by selection of the 
orifice size in accordance with calculated or desired 
requirements. 

Several general types of pumps have been used. In 
no case has there been any real problem in preventing 
injection water from entering the boiler. This has been 
accomplished by using a low differential-pressure mechan- 
ical seal. As mentioned, some trouble has been expe- 
rienced in developing a satisfactory mechanical seal be- 
tween boiler pressure and atmospheric pressure. 

In one type of pump a packing gland is supplemented 
by a water labyrinth which reduces the pressure step- 
wise until an ordinary packing gland can be used. An- 
other type uses two impellers, one to circulate the boiler 
water and the other to circulate cooling water in a closed 
circuit so as to maintain a uniform temperature for the 
mechanical seal. It is possible to switch to injection 
sealing in case of mechanical seal failure. 
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Fig. 1l—Tube temperatures in Kearny Unit No. 7 


At present pumps are available having satisfactory 
seals to prevent injection water entering the boiler 
through the pump. A development program is under 
way to obtain a seal of the mechanical type that will 
satisfactorily seal against the drop from boiler pressure 
to atmospheric. The current pumps, which are of the 
injection type, are designed so that mechanical seals can 
be installed. 

Except for starting the circulating pumps, the pro- 
cedure for putting a boiler in operation is the same as 
for a natural-circulation boiler. The advantage of 
having the water circulating during the starting-up 
period is obvious; that is, temperatures are maintained 
even throughout the unit which permits rapid starting. 
The same applies to shutting down the unit, at which 
time the pumps continue to operate and thus maintain 
even temperatures. Steaming of the economizer may 
be prevented by providing a connection between the 
circulating pump and the economizer-inlet header. 

Owing to the importance of water circulation at all 
times, definite steps have been taken to protect the system 
in case of failure of a pump. An interlock-manometer 
arrangement is connected across the suction and dis- 
charge headers of the pumps. The manometer has a 
magnetic float which rises and falls with the differential 
pressure across the headers. Attached to the manometer 
are permanent-magnet-activated mercury switches, which 
are drawn in as the float rises. There are three of these 
switches, which are set at low, medium and high dif 


ferential; for example, 8 psi, 20 psi and 40 psi. These 
switches activate lights on the control board. When 


all three are lighted there is over 40 psi differential be 
tween the headers. This indicates that there are three 
pumps in service. When two lights are lighted there is 
about 20 psi differential, which is that developed by 
two pumps. When only one light is visible there 1s 
about 8 psi differential, meaning that only one pump ts 
running; and an alarm is sounded so that load will be 
reduced manually to approximately 60 per cent. Ac 
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Fig. 12—Performance results, Chesterfield Unit No. 3 


tually, the one pump will circulate suflicient water at 
normal loads to prevent damage to the boiler for a short 
period of time. When no lights are on, no pumps are 


running and all fuel is cut off to the unit by automatic 


firing relay. Owing to the reliability of the current 
pumps and the use of the warning-alarm system, there 
is no longer any apprehension about the circulating fea 
tures. 


Use of Small-Diameter Tubes 


Because of the positive and controlled circulation of 


water in controlled-circulation boilers, and since rela- 
tively low circulation ratios of the order of 4 or 5 to | 
are used for high pressure, 
tubes; 


it is possible to use small 
that is of the order of |'/, in. to 1'/. in. OD. 
Many advantages arise from the smaller tubes. The 
weight and thickness of the tube are greatly reduced. 
As would be expected, the velocity is much greater 
through the tube. Since a thin tube is used the tem- 
perature of the tube wall is low and as a result thermal 
and, therefore, total stress in the tubes is less. This 
results in a greater overall ‘“‘real’’ safety factor. This 
is illustrated in Table 1 which compares |'/,-in. and 3-in. 
tubes for 2650 psi. 
Referring more specifically to high-pressure conditions, 
pressures are increased tube-wall thickness increases 
(asa result of the thicker tube metal, there is a greater 
nperature difference or drop through the metal. This 
sether with the fact that saturation temperature 
‘reases with pressure, means that the tube skin tem- 
rature may become excessive and lead to danger of 
lure. 
Che temperature drop through the wall for a given 
be thickness, of course, will depend on the heat-absorp- 
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Fig. 13—Performance results, Kearny Unit No. 7 


tion rate. Temperature drops of more than 100 deg F 
may well exist. The higher metal temperature reduces 
the strength of the metal and requires an increase in 
thickness of the tube. This increases the temperature 
drop and a “‘vicious cycle”’ results. 

The thermal stresses so developed may become ap 
preciable as compared to the stress resulting from pres 
sure inside the tube. Therefore if a design is based on 
the ASME Boiler Code, which is based on pressure stress 
only, the desired factor of safety may not result; that is, 
the combined pressure and temperature stress may 
greatly exceed that for pressure alone. Table | illustrates 
this fact and again the advantage of a smaller tube is 
obvious. Also it should be borne in mind that the Code 
tube metal thickness is the minimum requirement. 
Manufacturing tolerances on hot finished tubes may be 
as much as 33 per cent over this minimum. Thus, in 
the thicker sections of the tube, the temperature drop is 
greater and consequently the tube skin temperatures are 
higher with the probability of higher thermal stresses 
being developed. 

Some idea of the importance of this fact is shown in 
Fig. 9, where the upper curve shows tube skin tempera 
tures for maximum wall thickness and the lower curve 
those for minimum wall thickness. Note that for an op 
erating pressure of 2650 psig, using the minimum-thick 
ness curve, the tube skin temperature for a 3-in. tube 
is 820 F, whereas that for a 1'/-in. tube is only 752 F. 
Using the maximum-thickness curve the value for a 3-in. 
tube is S68 F whereas for a 1'/,-in. tube it is only 777 
F. Again the advantage of a smaller tube is evident. 

Referring once more to tube diameters, the data in 
Table | (following page) on tube and water weight em- 
phasize the advantage of small tubes. Note that in the 
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case of a wall composed of 1'/2-in. tubes, the tube weight 
is only 49 per cent as much as in the case of 3-in. tubes. 
The weight of water in the 1'/,-in. tubes is only 51 per 
cent as much as that in the 3-in. tubes. The weight 


TABLE 1—-COMPARISON DATA FOR 1'/2-IN. AND 3-IN. BOILER 
TUBES AT 2650 PSIG 


Tube Diameter 3 In. 1'/o In, 
Wall thickness 0.34 0.165 
Velocity ratio 1 1.96 
Tube weight ratio 1 0.49 
Water weight 1 0.51 
Wall thickness, min and max 0.34 and 0.435 0.165 and 0.219 
Heat absorption, Btu/sq ft/hr 100 ,000 100,000 
Temperature gradient wall, deg F 126 63 
Temperature gradient film, deg F 10 10 
Saturation temperature, deg F 679 679 
Hot-face tube temperature 815 752 


saved means less load on the foundations and reduced 
size and weight of structural supports. Owing to the 
smaller tubes much less weld metal need be deposited in 
erection. A further advantage of the lower weight of 
the tube metal and water is that in starting-up con- 
siderably less fuel is used and the boiler can be put on the 
line quicker. For the same reason it can be shut down 
more quickly. 

Still other advantages of small tubes are that they can 
be bent more easily to fit around burners, doors, soot 
blowers and so on. They also are more readily butt- 
welded in the field because, even though there are more 
tubes to weld, the amount of weld metal required is 
much less. 

Finally, a furnace wall made of small-diameter tubes 
presents a more nearly plane surface than one with larger 
tubes. This is advantageous from the standpoint of 
slag removal, as well as for the arrangement of wall 
backing and insulation. 


A possible disadvantage of the small tubes is lack of 
structural strength in the wall. This, however, is readily 
offset by the use of girth members at closer intervals. 





Welded Walls 


A feature of the Kearny and some of the later boilers 
is the welded panel-wall construction. The Kearny 
boiler is designed for pressurized operation although in- 
duced-draft fans are provided in case suction operation 
is required. Owing to the even temperature in the walls 
resulting from controlled circulation, this welded design 
was made possible; it was facilitated somewhat by the 
small tubes used. These tubes were shopwelded into 
panels. Employment of the panel construction elim- 
inates the use of a steel casing for pressurized furnaces or 
making a gas-tight setting on suction firing. 


Operating Data and Performance 


Fig. 10 shows the profile of the furnace walls on the 
Chesterfield boiler and just below this profile is shown 
the maximum temperatures recorded in reference to 
saturated temperatures occurring due to pressure carried 
in the tubes. 

Fig. 11 shows the profile of the furnace walls on the 
Kearny boiler and the resulting temperatures which are 
higher due to the higher saturated temperature resulting 
from the greater pressure within the tubes. 

In addition to the thermocouples, calibrated pitot 
tubes with manometers were installed in representative 
circuits to check the actual flows against those expected. 
The flows were measured in a similar manner in the four 
downcomer pipes as this gave a check on the circulating 
performance. All performance measurements obtained 
came within the prescribed limits for these boilers. 

It is interesting to compare expected performance 
with actual results. Therefore, In Fig. 12, the solid 
lines show the expected performance, whereas the dots 
show the actual results obtained at Chesterfield. 

Fig. 13 shows the expected in relation to actual results 
obtained on the Kearny boiler. 





High Temperature Effects on Chrome Steel 


The entire field of metals and heat transfer materials 
has been a continuing object of intensive study for years. 
Recent advances in power plant operating pressures and 
temperatures along with the intensified research into 
nuclear power have furthered these investigations. Some 
of the investigations make up the subject matter of 
several papers at the recent ASME Annual Meeting. 

“Some 12% Cr Alloys for 1000 to 1200 F Operation,” 
by D. L. Newhouse, B. R. Sequin and E. M. Lape, metal- 
lurgical engineers, General Electric Co., presented a 
compilation of representative data from the various 
laboratories of GE on various of the 12 per cent Cr steel 
modifications. The ones presented have been produced 
and used in commercial quantities for such service as 
turbine bolting, compressor blading, steam turbine 
buckets. 

One interesting note was the fact that the reported 
12 per cent Cr grades had, at 1000 F, almost as great a 
deviation in thermal expansion below low alloy steel as 
did the 18-8 steels above that of low-alloy steels. Trans- 
lated to other terms this means that heating a 12 per 


44 


cent Cr alloy bolt to 1000 F in a low-alloy flange sets up 
higher stresses at operating temperature for a given 
tightening practice than if bolt or flange had the same 
expansion characteristics. Similarly an austenitic bolt 
in a low alloy flange would loosen by 0.002 in. per in. of 
length on heating to 1000 F. As a result good practice 
calls for tightening 12 per cent Cr to a lower initial stress 
value at room temperature when bolting low alloy 
flames. 

Other test data indicated the tensile modulus of elas- 
ticity is some 30 to 35 per cent lower at 1000 to 1050 F 
than at room temperature. Creep and rupture behavior 
at high temperature were evaluated by the Larson and 
Miller method of judging time-temperature relationship. 
Detailed rupture test data were furnished plus relaxation 
test information obtained from Robinson step-down flow 
rate tests, smooth and notched bar rupture ductility 
data, tempering effects and stress corrosion. The authors 
reported satisfactory surface hardening experiences with 
an ammonia gas method of nitriding and mentioned 
briefly the proper procedures for good welding. 
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Power Practices in 1953 


OWER developments over the past year feature: 

(1) the highest 12-month (November 1952-—October 

1953) electric energy production to date ever recorded 
by the public utilities—up 10.9 per cent to 437 billion 
kwhrs, (2) a combined utility and industrial energy pro- 
duction that reached 11.9 per cent above the same period 
a year ago, to a total of 508 billion kwhrs, (3) a utility and 
industrial generating capacity that aggregated 104,442,- 
700 kw as of October 31, 1953. All the foregoing are 
based on the latest available Federal Power Commission 
reports. This same source further puts installed capacity 
of utility generating plants at 88,617,609 kw and for in- 
dustrials, 15,825,091 kw, including the stationary plants 
of electric railroads and railways. 


New Plant Capacity Lags 


The calendar year, 1955, should have seen the total 
power generating capability of the nation’s electric power 
system reach about 93,000,000 kw according to the Edi- 
son Electric Institute’s Fourteenth Semi-Annual Survey. 
Of the 11,400,000 kw planned for 1953 installation, 
though, only about 5,500,000 kw went into service during 
the first nine months of the year, leaving a slightly larger 
amount yet to go in during the closing three months. 

It is rather doubtful that all the remaining, roughly 
6,000,000, kw will have come into service by the year’s 
close. Earlier material shortages, plus construction 
labor difficulties in some parts of the country, have now 
been joined by a considerable lessening in the urgency 
to get this new power capacity on the lines. As a direct 
result all the 1953 planned capacity growth will not ma- 
terialize. 

Indications of this easing off in power demand can be 
seen in the revised December 1953 peak load, down about 
1 per cent from the E.E.I. April estimate to 82,100,000 
kw. Undoubtedly the cessation of the Korean War has 
contributed to this drop in expected load and removed 
the pressing urgency of many power building programs. 
Some of this feeling will certainly influence the E.E.I. 
announced schedule for 1954 and the immediate years to 
follow. That schedule calls for bringing 14,000,000 kw 
of new capacity into service in 1954, followed by 11,000,- 
000 kw more in 1955. 

Despite what looks like a definite slowdown in new 
power plant capacity gross margins for the country as a 
whole show relatively little change compared with ear- 
lier estimates. Reductions in estimated capability are 
offset by somewhat similar reductions in peak load fore- 
casts. The gross margins, based on median hydro con- 
ditions, range from 13.4 per cent in 1953 to 18.7 percent 
in 1955. 

In particular, though, some power systems have vig- 
orously pushed new plant construction. On the next 
two pages are views of several prominent new power 
plants that went into service during 1953. The Minne- 
sota Power & Light Co. with its extremely rapid capacity 
growth of 106 per cent since World War II was topped by 
the Illinois Power Co. which grew from a 1947 total ca- 
pacity of 37,000 kw to 519,000 kw. The American Gas 
& lectric system spent $135,000,000 in 1953 on construc- 
tion alone. When Muskingum and Kanawha Stations 
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complete their program early in 1954, and their capacity 
is added to the new Tanners Creek 200,000-kw installa- 
tion, A G & E will have raised total system capacity 
1,000,000 kw within the span of about one year. 


Atomic Energy Plants 


Over and above the very vigorous power programs of 
the long established public utility systems there has been 
the active buildup of large blocs of power in specially 
formed organizations, the Ohio Valley Electric Co., 
Electric Energy, Inc., the South Carolina Generating 
Co., to name the principals, plus the TVA, created to 
supply the major atomic energy projects. 

Ohio Valley Electric Co. brought into being to serve 
the Portsmouth, Ohio, project reports a schedule for 
its Kyger Creek Plant for steel work to begin March l, 
1954 and first unit operation a year later. Its subsidi- 
ary, the Indiana-Kentucky Electric Corp., begins its 
steel work on the Clifty Creek Plant January 1, 1954, with 
first unit operation, scheduled for a year later. Esti- 
mated final costs for both plants will reach $320,000,000 
exclusive of transmission lines and other externals. 

Electric Energy, Inc., together with TVA will supply 
the government's Paducah, Ky. project. First step in 
the Electric Energy organization's contribution is the 
Joppa Station pictured on p. 46 which went on the 
line this past year. 

The Savannah River atomic energy project will draw 
much of its power needs from a special plant of the South 
Carolina Generating Co. now going up at Beech Island, 
S. C. 

The TVA’s steam plant buildup continues at a strong 
rate. Orders placed in the middle of the year for the 
Kingston Steam Plant will make this the world’s largest 
powerhouse when completed. Its nameplate capacity 
will equal 1,600,000 kw, some 100,000 kw larger than its 
sister TVA plant, the Shawnee Station, planned for 
1,500,000 kw capacity. 


Nuclear Power 


The year 1953 has been characterized by some as the 
Atomic Energy Commission’s year of decision. This 
comment is based on the grounds that a civilian atomic 
power plant was underway as a result of the October 
announcement assigning Westinghouse Corp. to the proj- 
ect. Actually, there persists a strong feeling that AEC 
is still not promoting full industrial participation in areas 
that would not affect national security. (See Editorial, 
p. 37.) 

However, a highly important document, ‘Nuclear 
Power Reactor Technology’’, was made available to all 
interested parties through the Supt. of Documents, 
U. S. Govt. Printing Office, Washington 25, D. C.; 25 
cents. This publication gives the screened reports of 
the four private industry teams the government formed 
in 1951 to make, at their own expense, initial surveys of 
reactor technology. 

These teams—Dow Chemical Co. and Detroit Edison 
Co.; Monsanto Chemical Co. and Union Electric Co.; 
Pacific Gas and Electric Co. and Bechtel Corp.; Com- 
monwealth Edison Co. and Public Service Corp. of 
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Outstanding New 


JOPPA STEAM STATION of the Electric Energy, Inc., first sta- 
tion to have an initial capacity as high as 650,000 kw, fea- 
tures four boiler-turbine units operating at a turbine 
throttle pressure of 1800 psi, primary steam temperature 
of 1050 F, reheat at 1000 F. 


KANAWHA RIVER generating plant of the Appalachian Elec- 
tric Power Co., an American Gas and Electric System 
Company, will have two 1,335,000 lb per hr steam generators 
designed for 2400 psi boiler pressure and 1050 F final steam 
temperature with reheat to 1050 F. 


LAKE CREEK STATION of the Texas Power & Light Co. employs 
the latest of outdoor type construction. Condensing water 
comes from an artificial lake created by damming a tribu- 
tary of the Brazos River. The boiler unit supplies steam at 
1350 psi and 950 F to the single 60,000 kw turbine-generator 
comprising the station’s first section. Three more are 
planned. 


EASTLAKE POWER PLANT of the Cleveland Electric [lluminat- 
ing Co. went on the line in September of 1953 with an initial 
125,000 kw turbine-generator and two duplicates to follow 
in the spring of 1954. They will all operate at 1800 psi 
throttle pressure, primary steam temperature 1050 F, re- 
heat, 1000 F. 


January 1994—C OMBUSTION 





aa. tae aaah ae ats 





ee eee eee 


OE ee ee ee es eee Sere) ed 





mF  « ht 


eres O Se 


2° oo’ Qa oOo bh 





c- 


Ts 


ys 
ter 
u- 


for 
ire 


at- 
ial 
ow 
psi 
re- 


)N 





alia ia 2, lll le 


Stel eee Gad ee re 


ce Te 


oa eet | dae tomers Be 


aa 








Plants of 1953 


ETIWANDA STEAM STATION, second postwar steam station of 
the Southern California Edison Co., is an excellent example 
of modern outdoor design. Its initial two stearm generators 
supply two 125,000 kw turbine-generators with steam at 
1800 psi, throttle pressure, 1000 F, reheated to 1000 F. 


ASTORIA ELECTRIC STATION of the Consolidated Edison Co. 
of N. Y., first new station on the company’s system in 
twenty five years, makes use of pressurized boilers, 1,200,000 
lb per hr steaming capacity, to deliver steam at 1800 psi, 
throttle pressure, 1000 F temperature and reheat to 1000 F. 


AURORA STEAM ELECTRIC STATION of the Minnesota Power 
& Light Co. started out with two 425,000 lb per hr steam 
generators furnishing steam at 1350 psi and 955 F to two 
44,000 kw turbine-generators. Completion of this station 
brings the company's interconnected total generating 
capacity to 347,440 kw, up 106 per cent since World War II. 


HENNEPIN STATION of the Illinois Power Co. is the latest 
idition to this company's remarkable generating capacity 
owth. Starting in 1947 with a total of 37,000 kw capability 
e system capacity now totals 519,000 kw. The new 75,000 
w unit employs steam at 1450 psi, throttle pressure, 1005 
primary steam temperature, 1005 F reheat 
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Northern Illinois—agreed with the AEC to (1) determine 
the engineering feasibility of designing, constructing and 
operating dual-purpose reactors to produce fissionable 
material and power, (2) examine economic and technical 
aspects of building such reactors, (3) determine estimated 
research and development, (4) recommend a role for 
industry in these various phases of reactor technology. 

Their studied comments very briefly amounted to: 

Dow Chemical—Detroit Edison—Concentrating on 
sodium-cooled, fast breeder reactors they favored sim- 
plified solid fuel elements for the present but suggested 
more mobile fuels for easier handling and reprocessing. 
The five reactor arrangements they studied varied from 
7900 to 130,000 kw output at a 30 per cent thermal effi- 
ciency. 

Monsanto Chemical-Union Electric——-Studying two 
sodium cooled, graphite moderated reactors of similar 
design they reported a 1000 mw heat output unit with 
sodium ranging in temperature from 650 to 3000 F 
would generate 3 million lb per hr of 150 psia saturated 
steam with a 208,000 kw net. The second design stud- 
ied, a 3000 mw one, gave 8.8 million lbs per hr of 400 
psia, 746 F steam and an 834,000 kw net output using 
the full temperature range of sodium (900 to 300 F); 
but rejecting heat of sodium below 500 F it evaporated 
4.8 million Ibs per hr and gave 554,000 kw net. 

Pacific Gas and Electric-Bechtel—Employing both a 
water cooled thermal reactor and a sodium cooled fast 
reactor of 500 mw output each, the water cooled unit 
with a heavy water moderator was reported to develop 
106,000 kw net with 175 psia, 378 F steam, whereas the 
much smaller physically sized sodium reactor gave a 
145,300 kw net and generated 1,600,000 Ibs per hr of 
500 psia, 750 F steam. 

Commonwealth Edison—Public Service of Northern 
Illinois—Taking a 350 mw helium cooled, graphite mod- 
erated reactor this team found it could get a 46,700 kw 
net with steam at 265 psia, 525 F and with a heavy-water 
cooled, heavy-water moderated reactor of 1064 mw out- 
put, a 211,500 kw net from 180 psia saturated steam. 


Fuels 


Mine output of bituminous coal for 1953 was estimated 
by Keystone Coal Manual to approximate 455 million 
tons, only about 2 per cent or so below the 465 million 
ton figure of 1952. The electric utilities raised their 
consumption up to 112 million tons from the 102 million 
ton level of 1952. It has been variously estimated that 
electric utility consumption of coal will go to 130 million 
tons in 1954 and by 1957 reach 175 million tons. 

The atomic energy project plants will burn tremendous 
amounts. And the TVA is expected to need some 20 
million tons annually when all its capacity is at work. 

The fuel battle, especially along the Atlantic seaboard, 
between oil and coal and to some extent gas, continues 
pretty much unabated. The solid fuel operators are 
considerably concerned about imports of foreign oil and 
are pushing for federal controls. Actually most large 
scale plants are equipped to burn any of the three major 
fuels and their choice is largely dictated by market price. 

Spreader stokers enjoy a wide selection among many 
industrial plants because of their proved flexibility in 
handling a range of fuels successfully. They have be- 
come somewhat stronger in those industries where by- 
product solid fuels and waste materials are available. 
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Equipment Development 


At the Fall General Meeting of the AIEE in Kansas 
City, Mo., a number of excellent reports were given on 
the status and development of some major power plant 
equipment. One especially interesting one was that 
presented by G. V. Williamson, superintendent of power 
production, Union Electric Co. of Missouri, on the boiler, 

Within the past two years Williamson felt boiler design 
had reached an enviable peak. Today's boiler is now 
built as a unit to match one turbine and to operate in 
such exact step with it that the two really work as one 
unit with amazingly high reliability. In sheer physical 
size boilers have moved from 125,000 kw giants in 1950 
through 180,000 kw and now to 250,000 kw size. The 
basic design philosophy went through a considerable 
change to achieve this amazing growth 

In today’s boilers the great problem of furnace water 
walls has been expertly met. The adequate circulation 
of water in all circuits proved the answer in Williamson's 
opinion. He particularly cited the pumped circulation 
boiler whereby circulation to steam rates is reduced from 
the typical need of 10 to 12 times down to only 4 times 
the quantity of steam leaving the boiler. This arrange- 
ment, partly freeing the designer from the narrow balance 
between the water in the downcomer and steam-water 
mix in the tube, permits a wider range in furnace shapes 
and heights, as well as smaller, thinner water wall tubes. 

The advance into still higher temperatures (above 
1050 F) and to supercritical pressures, 4500 psig or so, 
marks a new departure in boiler design. The next few 
years should see many interesting developments. 

E. H. Krieg of Stone & Webster Engr. Corp. reviewed 
at this same meeting the status of turbine generators. 
At least eight major types are available. The choice 
may be dictated by capacity or by costs with the 3600 
rpm tandem-compound units usually cheaper but with 
higher heat rates than cross-compound designs. 

Single turbine generator units are on order up to 250,- 
000 kw and 300,000 kw units are ready. If desired 
500,000 kw cross-compound units could be supplied. In 
keeping with the advance into the supercritical steam 
pressure range one turbine is being built for 4500 psig, with 
1150 F throttle temperature and two stages of reheat. 

Availabilities of over 92 per cent have been reported 
over a ten-year period and a number report 96 per cent 


Gas Turbines 


There are 10 locomotives, 15 electrical power genera- 
tion units and 35 mechanical drive gas turbine units cur- 
rently operating or installed in the United States. Es- 
sentially all the mechanical drive units are driving gas 
pumps in gas transmission stations. As of August 
1953 these gas turbines had a total operating time of 
about 170,000 hrs. 

Up to the 5000 kw range, residual fuel oil or coal must 
be used for the gas turbine to obtain commercial desira- 
bility. In the 10,000—-15,000 kw range where thermal 
efficiencies reach 25-28 per cent the relatively expensive 
distillate fuel oil may be justified on the grounds of a 
lower overall capital investment. But serious practical 
operating difficulties develop in burning residual fuel 
oils. The problems seem to be mainly those of nozzle 
and blade corrosion as well as deposition of material on 
the turbine blading. All arise from the residual oil ash. 
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In these excerpts from a paper presented 
at the 1953 ASME Annual Meeting the 
author sets forth a number of concepts of 
centralized control and their effect upon 
operating costs in stearn generating sta- 
tions. He also discusses some of the trends 
in plant organization and their relation to 


scientific management. 


N general, plant design, arrangement of equipment, 
ind management policies with respect to operator 
coverage and training all have a pronounced effect 
upon operating manpower costs and can be evaluated 
with reasonable accuracy First, it is of interest to con 


ler a change in cycle heat rate or a change in the num 


r of shift operators in terms of their equivalent costs, 
each in terms of a break-even investment cost. Such 
omparison is shown in Fig. |, wherein these equivalent 
costs are given for plants ranging im size between 100 

d 300 mw and operating at SO per cent capacity factor. 
l' is clear that the addition of one man per shift would 

illify the fuel savings resulting from a gain of approxi 
nately 33 Btu per kwhr in cycle efficiency for a 300-mw 
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Manpower and Other Operating Costs 





By V. F. ESTCOURT 


Pacific Gas and Electric Company, 


San Francisco, California 


plant, or nearly 50 Btu for a 200-mw installation. These 
figures are based upon operating labor costs on the Pacific 
Coast and the equivalent values will of course be in 
fluenced not only by the capacity of the plant but also 
by prevailing wage rates, the cost of fuel and the plant 
load factor. Theoretically it requires 4'/; shift operators 
to fill one operating position for seven days per week 
around the clock. When vacations and sick leave pro 
visions are also taken into consideration, as well as pos 
sible shift premium pay, the total cost is usually the 
equivalent of approximately 4'/, to 4°/,; times the base 
pay of the payroll classification of each shift operator 
This may be further increased by the need for 


position. 
a training pool to take care of replacements resulting 
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from resignations or upgrading due to system growth, 
and the size of this manpower pool is somewhat affected 
by the number of regular operators on the payroll. 

The radical improvements which have been taking 
place in plant design have been accompanied by a con- 
siderable effort to reduce station manpower. However, 
by far the greater proportion of any success along these 
lines to date has been the inherent result of the increased 
size of modern units. On the other hand, without the 
adoption of centralized control the effect of the size of 
units upon manpower would not have been so pronounced. 
By having the major controls centralized in one 
control room it has been possible to operate two or more 
large units with only a very small increase in the number 
of operators above the requirement for one unit. 

The benefits from the consolidation of an increasing 
number of units within the same control room may be 
very limited or quite substantial, depending consider- 
ably upon certain plant managment policies with respect 
to operator coverage and operator training in relation 
to a particular plant layout. However, the curves in 
Fig. 2 illustrate what has actually been accomplished 
in this respect in certain stations where design and man- 
power conditions are favorable. The solid line shows the 
number of installed kilowatts per man in four actual 
stations with respectively one, two, three, and four units 
per control room. The four-unit job is nearing construc- 
tion completion but is not yet in service; therefore the 
manpower figures are estimated in this instance. The 
solid line on the chart shows that the kilowatts per man 
increase from 1700 for one unit per control room to 
5200 with four units per control room. 


It should not be concluded from the foregoing that the 
same benefits will continue to accrue as a result of cen- 
tralizing the controls of more and more units in a single 
control room. In the first place there are certain off- 
setting limitations which enter the picture as the controls 
for more units are added to the same control room almost 
upon the mathematical basis of the increased distances 
of equipment from a central control point. There is no 
true linear relationship between these factors, but in- 
creasing the number of units per control room would ul- 
timately bring about the need of additional operators to 
take care of the remote equipment, thereby reducing or 
nullifying the benefits of extending the centralized control 
system. Thus the over-centralization of controls may 
ultimately lead to diminishing returns. 


Another condition may result from concentrating the 
control of too many units in one control room and that 
is the danger of some catastrophic situation wiping out 
the controls of too many large units on a system. This 
is a very important problem which cannot be overlooked. 
In connection with our more recent units, considerable 
thought was given to this matter and the controls were 
so arranged that the essential individual unit controls 
are decentralized on panels located at each boiler and 
turbine unit. The central control room for the four 
units consists of a so-called master panel arranged so 
that normal operation of the four units can be handled 
from a combination bench and vertical panel. This 
basic hook-up as between the individual unit panels 
located near the equipment and the central control room 
master panels is such that operation of the plant could 
be controlled from these local unit panels even though the 
entire central control room were wiped out. This does 
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Fig. 1—Equivalent values of plant heat rates, investment and 
manpower costs 


not mean that there is any considerable duplication of 
instruments and controls; it is rather a functional seg 
regation of controls so that, with the assistance of addi 
tional manpower, the controls on the unit panels are 
satisfactory for manual operation of the station. 

There is a more obvious reason why it is not usually 
practical to consider the centralized control of more than 
four units in the same control room. With the trend to 
larger sized units it is difficult to plan for more than four 
units at a time in one system location. Therefore in 
most instances it would hardly be considered desirable 
to make provision in the design for additional units above 
four, particularly in view of the possible added invest- 
ment which might be required in connection with the 
first four units in order to allow for future addition 
of other units. On the other hand, there are several very 
good examples of plants laid out with an initial installa- 
tion of two large units with provisions for the future in 
stallation of one or two additional units of the same or 
larger size all operated from the one control room. 


Effect of Plant Management Policies 


One example of the effect of plant management policy 
upon operating cost relates to shift operator coverage or 
the scope of duties assigned to each operator. With cen- 
tralization of controls and substantially increased auto- 
matic standby protection of auxiliaries through automatic 
starting of the duplicate spare, and the general improve- 
ment in instrumentation, alarms and controls, it is ob- 
vious that plant equipment in general does not require 
the same amount of operator attention as formerly. 
Therefore the trend has been to use considerably fewer 
equipment operators than in the past. 

Some companies appear to have taken what amounts to 
a calculated risk or possibly some sacrifice in reliability 
by holding the number of control and equipment oper- 
ators to an almost irreducible minimum for a particular 
design of station. However, in some instances it hes 
become apparent that the saving in equipment operators 
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Fig. 2—Effect of number of units per control room upon 
operating manpower 


has been offset in whole or in part by an increased number 
of control operators with considerably more elaborate 
and expensive control rooms. Experience indicates that 
there is usually an opportunity for reducing the work 
load of operators by a realistic evaluation of their various 
duties relating to such activities as patrolling and inspect- 
ing equipment, logging of instrument readings, ete. A 
simple example of this will be given. 

In stations of older design it was usually the practice 
to take hourly readings of all instruments. With the 
increased complication of modern power stations there 
has been not only a substantial increase in the amount 
of instrumentation but considerably more use has been 
nade of recording instruments. The question then arises 
as to whether recording instruments need to be read 
by the operator at regular intervals. A time honored 
theory has been that the only guarantee the operator is 
keeping himself familiar with all of his plant conditions 
is to require him to log all of the important instrument 
readings at frequent intervals regardless of whether they 
are recorded or not. Although this is still a good basic 
approach, the considerable increase in instrumentation 
introduces the problem of overloading a limited number 
of shift operators so that they do not give sufficient at- 
tention to overall operation of the station. This is par- 
ticularly true where the total manpower has been reduced 
to a figure corresponding to, say, 3500 kw per man or 
higher for two or more units of not less than 100,000 kw 
capacity. Studies which were made in some of our larger 
Stations have resulted in the reduction in frequency and 
number of regularly logged instrument readings by as 
tiuch as 65 per cent without materially affecting the 
assurance that the operators are being kept closely in 
touch with the performance of each item of equipment 
throughout the day. 

By carefully analyzing and evaluating the various 
duties of the shift operators in relation to the functional 
¢inponents of the plant, it is possible to determine with 
tr ‘sonable accuracy the work load on each man under 
bth normal and upset conditions of operation. With 
s information we can arrive at a so-called austerity 
stor rating for a particular plant. At the risk of 
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over-simplifying the problem, the method can be iilus 
trated in a very general way by assuming that two mod 
ern reheat units each with one gas and oil fired boiler 
and having a capacity of 100°‘or 150 mw, with a shift 
crew of 5 men, would have an austerity factor rating 
close to 80 or 90 per cent depending considerably upon 
the plant layout and other factors involving basic op- 
erating conditions and plant management policies. It 
might further be considered that the addition of 4 or 5 
more operators to each shift would reduce this austerity 
factor to zero, and intermediate figures may be obtained 
by interpolating between these two extremes. However, 
changes in the design of the plant by more judicious 
application of instrumentation and controls and im 
provements in layout for functional simplicity could so 
reduce the work load on the operators as to bring about 
an appreciable change in this austerity factor rating. 


Differing Concepts of Centralized Control 


The term “‘centralized control’ has been abused by its 
rather loose application in somewhat the same manner 
as the popular conception of ‘‘stainless steel’ when ap 
plied as a generalization for any steel containing chrom- 
ium. Some idea as to the difference in philosophies 
upon which the designs of centralized control jobs are 
based may be obtained by comparing the total number 
of plant operators per sh.ft required in each instance. 
In the recent past, these have ranged from a minimum 
of six to a maximum of seventeen per shift for two units 
per control room. This wide disparity of manpower 
requirements represents a difference of approximately 
$200,000 per year in payroll or a break-even equivalent 
capital investment of approximately $1,600,000. 

In so far as we are aware, the first attempt to operate 
a large high-pressure steam generating plant from a cen 
tral control point was made at the Holland Station in 
1930. This plant, now renamed Gilbert Station, is ar 
ranged without a dividing wall between the turbine and 
boiler areas and is operated from a single group of control 
panels. 

Typical examples of subsequent jobs specifically de 
signed for centralized control are as follows: 


1. Oswego, Niagara Mohawk Corporation. Initial 
operation in 1940. 
2. Avon, Pacific Gas and Electric Company. Initial 


operation in 1940. 

3. Martinez and Oleum, Pacific Gas and Electric 
Company. Initial operation in 1941. 

!. Tidd, American Gas and Electric system 
operation in 1945. 


Initial 


There may have been other examples, but the above- 
mentioned jobs were among the first applications of cen- 
tralized control to high pressure steam plants of any 
considerable size and may be considered as fairly typical 
of the early developments in centralized control layouts. 

The type of control room layout which is feasible for 
a particular plant is considerably influenced by prevailin z 
policies with respect to operator coverage. Broadly 
speaking, shift operators fall into two categories or some 
combination thereof. The men assigned to the control 
room are usually known as control operators as distinct 
from equipment operators who actually patrol and op- 
erate the individual pieces of equipment locally. Some 
utilities make a rather definite distinction between these 
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two categories of operators so that the duties of the con- 
trol operator are specifically confined to the operation 
of the controls in the central control room; equipment 
operators, on the other hand, have the exclusive duty 
of patrolling equipment and actually handling valves 
and performing other physical operations relating speci- 
fically to the, equipment as distinct from the controls. 
More or less of a compromise has been adopted by others 
wherein one of the control operators may occasionally 
leave the control room in order to perform certain duties 
relating to the equipment itself, thereby assisting the 
equipment operator when necessary. There is still a 
third policy wherein the control operators are specifi- 
cally trained to perform equally well the double functions 
of control and equipment operators. 


Layouts of Control Rooms 


Although varying considerably as to detail, control 
room layouts may be broadly classified into the following 
three basic types: 


1. Completely isolated and remote. 
2. Semi-isolated and centrally located. 
3. Open and centrally located. 


In the first category listed above are included those 
control room layouts which provide complete isolation 
from the plant equipment by means of a fully housed 
soundproofed room. This appears to be the most popu- 
lar arrangement at the present time. There are some 
instances of this type of control room wherein it is cen- 
trally located with respect to operation but the complete 
isolation makes it relatively unimportant whether it is 
in a central location with respect to turbines and boilers 
or remotely located in a corner of the building or even 
on the roof of the plant, as is the case with at least one 
company. 

In the second category, the semi-isolated and centrally 
located control room is one which is completely enclosed 
and soundproofed, but which gives the appearance of 
only semi-isolation due both to its proximity to major 
equipment with adequate access doors and the use of 
considerable glass paneling to provide a certain amount 
of visibility with respect to major equipment. The 
functional difference between the completely isolated 
and semi-isolated type of control room is not very great. 
The number and type of shift operators required in 
each instance is approximately the same and it might 
be safe to say that a choice between the two types can be 
based largely upon considerations of investment cost and 
personal preference for the particular station. Good 
success is reported by some companies with layouts 
which rely almost entirely upon remote control of all 
equipment operation including the starting up and shut- 
ting down of major units. 

In either of these two arrangements control operators 
are usually assigned on a unit basis. Thus, in a station 
consisting of two main units, one half of the control room 
contains one or more control panels with all of the nec- 
essary controls and instrumentation for the mechanical 
operation of one of the units. One operator is assigned 
to the operation of such a panel. The other side of the 
control room consists of a duplicate set of panels for the 
other unit, and usually there is a separate group of gen- 
erator and electrical panels which may be supervised by 
athird man. In addition to these control operators there 
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are generally between two and four equipment operators 
located around the station to patrol the various items of 
major equipment and auxiliaries. A watch engineer or 
shift foreman would complete the complement of shift 
operators making a total of from five to eight men per 
shift for two main units. 

In a certain sense this represents the ultimate of the 
so-called unit system concept wherein not only is the 
boiler-turbine combination considered as an isolated unit, 
but there are also unit control panels and unit operators 
However, some utilities have backed away from this 
extreme policy of unit operators and are endeavoring to 
get along without the third man by having the other two 
men consolidate their duties to some extent. This meas 
ure of economy can be accomplished without greatly 
impairing operating reliability in the case of base load 
stations with few or no local distribution circuits and 
only a few transmission outlets, and is an example of 
what can be accomplished by the application of a higher 
factor of austerity in shift manpower coverage. 

The third category referred to above applies to a 
control room which is not only centrally located with 
respect to major equipment but is also open on one or 
more sides in order to provide unrestricted movement of 
operators between the controls and the various items of 
major equipment and principal auxiliaries. This type 
of layout presupposes the use of combination control and 
equipment operators who are trained to handle the con- 
trols and operate the principal electrical and mechanical 
equipment, most of which are located at the control 
room level. Thus it should be clear by now that there 
is a fairly well defined correlation between the type of 
control room layout, the basic panel arrangement within 
the control room, and the type of operators. 

In order to carry this concept to its logical conclusion, 
careful consideration must be given to the plant layout 
with respect to the location of various auxiliaries such as 
boiler feed pumps, evaporators, etc., so that they are 
readily accessible from the control room. Fire doors are 
usually provided to isolate the control room in a major 
emergency. This open type arrangement not only al- 
lows the operators freedom of movement between the 
control room and the principal equipment but also serves 
the purpose of allowing a predetermined level of normal 
machinery noises in the control room except in the sound- 
proofed operator booth which is provided for the purpose 
of efficient communication and necessary desk work. 
Control operators who also perform the functions of 
equipment operators, in addition to their duties as 
push-button operators, must be reasonably noise con- 
scious if they are to do an intelligent job of operating the 
equipment. 

For maximum effectiveness of this arrangement, it is 
necessary to obtain a compromise between compactness 
in the panel arrangement and good readability of in- 
struments, so that the operators are able to see the prin 
cipal instruments at a reasonable distance as they move 
about in connection with their diversified duties. In 
this respect the situation is exactly the opposite of what 
is required in the isolated unit-type of control room. It 
should also be understood that the location of the control 
room in a central position with respect to boilers, tur 
bines and important auxiliaries is not so much for the 
purpose of seeing them as it is to provide accessibility for 
those equipment operations which require the personal 
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attention of the operator who, in this type of layout, 
performs the dual functions just described. 


The necessary compactness and functional simplifica- 
tion are achieved by arranging instruments and controls 
in accordance with a master panel system as distinct 
from aunit system. On the master panel are assembled 
the principal instrumentation and controls for a mini- 
imum of two and a possible maximum of four main units. 
It has been learned through many years of close observa- 
tion that certain specific instruments and controls are 
required to operate the plant safely under average day- 
to-day conditions, and these represent only a relatively 
small percentage of the total. Therefore, the essential 
instruments for, say, four main units can be grouped on 
one master panel which is no longer than a panel con- 
taining all of the instruments for a single unit. A large 
proportion of the special instrumentation and controls 
for individual equipment are located on panels which may 
or may not be in the control room or even within sight 
of the operator from the control room. No operators 
are located permanently at these remote panels. A 
number of utility companies have adopted this idea of a 
master panel and in at least one instance it has been 
designated as a flight panel. 

This functional arrangement of the master panel 
greatly relieves the psychological strain so that usually a 
single operator can handle the controls on a master panel 
for three or four units about as easily as a single operator 
can take care of the unit typeof panel with its considerable 
concentration and complexity of instrumentation and 
controls, many items of which are seldom used. The 
latter frequently include long rows of neatly arranged 
control devices all identical in appearance and uniformly 
spaced on the panel so that it is impossible to identify 
them without reading the nameplates. On the other 
hand, the tremendous advantage of the inherent diversity 
factor in the master panel arrangement becomes most 
apparent in the event of upset conditions. Since it is 
usually the case that trouble does not occur simultane- 
ously on all of the three or four units, this diversity of 
work load with respect to individual units materially 
lightens the burden upon the operators who are assigned 
to such a group of units. Furthermore, the problem of 
the shift foreman, in coordinating the overall operation 
of three or four units, is greatly simplified by reason of 
this functional centralization of important instrumenta- 
tion and operating activity. 

In Figure 2, the effect upon manpower of the number of 
units per control room has been illustrated. These 
curves apply to actual stations of a basic design conform- 
ing to the philosophy of this third category of centralized 
control. It is important to emphasize this point because 
substantially different results might be obtained with 
other arrangements of centralized control and differently 
trained operators. As an example, we were advised a 
year or so ago by the designers of a plant then under con- 
struction with a single control room for four units that, 
although there was the potential possibility of a labor 
Saving with four units per control room instead of two, 
there was no certainty that it would materialize and at 
best it might amount to one operator per shift. This 
is 'undamentally true with so-called unit panels and unit 
Operators, because each additional pair of units calls for 
substantial duplication of shift operating personnel. 

\lthough this third category of centralized control 
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philosophy appears to favor relatively low operating 
labor costs, it should be clear that certain conditions are 
essential for its satisfactory application. Without doubt 
the initial training of the type of operator required is 
more costly and its success is dependent largely upon the 
background and attitude of both first level supervision 
and top plant management. It is unrealistic to advo- 
cate a particular philosophy of control room layout and 
panel arrangement unless all of the local conditions 
with respect to available personnel and plant manage- 
ment policies are known in intimate detail. The proper 
solution in each instance requires painstaking attention 
to the functional and human realities of the particular 
job. 


The Changing Scene in Plant Organization 


The discussion of these various operating and manage- 
ment problems in the light of the rapidly advancing tech- 
nology in this field naturally leads to a consideration of 
the changing scene with respect to the type of plant or- 
ganization required. In the relatively crude designs of 
thirty years ago, the operating problems were so simple 
that an Orsat and plenty of willing hands were about all 
that were necessary to obtain the maximum efficiency 
of such inherently wasteful cycles. The impressive gains 
in thermal efficiency which have already been made 
since that time are to be surpassed in the immediate 
future as a result of still higher steam temperatures and 
pressures with multiple reheat. This will be accompa- 
nied by a further growth in the complexity of design and 
operating problems, and it may be anticipated that the 
latter will tend to increase in greater proportion with 
each major advance in basic design. 

It is therefore important to examine the progress we 
are making in maintaining a plant organization which 
can achieve, with a minimum payroll, the full measure 
of the potential economic gains inherent in these tech- 
nological improvements. First, it should be observed 
that the practical operator of today’s power plants, when 
properly trained, represents an impressive advance in 
intellectual stature and know-how as compared with 
the manpower of thirty years ago. He takes pride in 
the rapid progress being made in his chosen field and 
fully appreciates that, in our expanding economy, these 
advances are reflected in greater employment and a 
general elevation of his economic and social position. 

It is logical that power engineering activity in the 
past was concentrated largely in the creation of more 
efficient designs. As a direct result of this progress in 
design, a gradual evolution has been taking place so 
that now it is becoming increasingly urgent to place 
greater emphasis upon the technical problems of opera- 
tion and management. Furthermore, the art is advanc- 
ing so rapidly and the potential fuel savings are so great 
that considerable additional expense can sometimes be 
justified in overcoming substantial initial difficulties with 
pioneer developments. It therefore follows that the 
manufacturers are dependent as never before upon the 
cooperation of the utilities in testing and analyzing un- 
tried designs in the field and in obtaining their advice 
and assistance in overcoming defects which can only be 
discovered in actual operation. As many of us know 
from actual experience, such cooperative effort has fre- 
quently been an important factor leading toward major 
improvements in basic equipment design. 
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Meet the man you can call 





with confidence to solve your 


thermal insulation problems 


To insulate outdoor tanks with complete weather protection, these skilled 
J-M applicators follow a specification developed by Johns-Manville. Here 
they are fastening J-M Asbestocite* Sheets over J-M Zerolite* Insulation. 
J-M 85% Magnesia Insulation is also widely used for this type of equipment 


He is your J-M Insulation Contractor...the man with 





the world’s most complete insulation engineering service 


“Insulation is no better than the ran 
who applies it.” Today, with rising 
fuel and maintenance costs, it is espe- 
cially important to place your insula- 
tion job in skilled hands. The scientific 
application of J-M quality insulations 
by J-M Insulation Contractors will as- 
sure you of the maximum return on 
your insulation investment for years 
to come. Moreover, you get undivided 
responsibility for al] your insulation 
requirements. 


1. You get dependable materials — 
Johns-Manville manufactures a com- 
plete line of insulations for every serv- 
ice temperature from minus 400F to 
plus 3000F. From them your J-M Insu- 


lation Contractor can select the right 
insulation for the most dependable 
service on your job. To develop new 
and improved insulation materials 
Johns-Manville maintains the J-M Re- 
search Center —largest laboratory of 
its kind in the world. 


2. You get dependable engineering 
—For 95 years Johns-Manville has 
been accumulating insulation engi- 
neering experience. J-M Insulation 
Engineers are called upon to solve in- 
sulation problems of every type and 
magnitude, in every industry. Since 
your J-M Insulation Contractor works 
closely with J-M Insulation Engineers, 
he brings to every job a high degree of 


training, skill and experience. 


3. You get dependable application 
—Johns-Manville has set up a nation- 
wide organization of J-M Insulation 
Contractors to serve you. These Con- 
tractors maintain staffs of insulation 
engineers as well as skilled mechanics 
thoroughly trained in J-M’s proved ap- 
plication methods. You can have abso- 
lute confidence in their ability to apply 
J-M insulations correctly for trouble- 
free performance, 

For further information and the 
name of your J-M Insulation Contrac- 
tor, write Johns-Manville, Box 60, 
New York 16, N. Y. In Canada, v 
199 Bay St., Toronto 1, Ont. JM! 


*Reg. U.S. Pat. Off. 


Johns-Manville Firstin INSULATION | 
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Experiences with Filming Amines in 
Control of Condensate 


Attributing condensate line corrosion 
chiefly to the presence of carbon dioxide in 
the steam and water, various methods of 
minimizing boiler feedwater alkalinity are 
discussed, especially the employment of 
filming amines. This new approach to the 
problem is based on the deposition of a 
nonwettable film on the metal which is 
impervious to penetration by the conden- 
sate. Field results under various condi- 
tions are reported. 


HE corrosion problem caused by the presence of car- 

bon dioxide in steam and condensate is well recog- 

nized. The principal source for the presence of car- 
bon dioxide in steam and condensate is bicarbonate and 
carbonate alkalinity of the boiler feedwater. Under 
boiler temperature and pressure conditions, these forms 
ot alkalinity decompose, releasing carbon dioxide with 
the steam. Grooving of condensate lines and failure at 
threaded joints, as shown in Fig. 1, result from carbon 
dioxide attack. Pitting occurs when oxygen is present 
along with carbon dioxide. 





Fig. 1—Example of failure at threads due to carbon-dioxide 
corrosion 


secause of the severe maintenance problem created 
steam and return line corrosion, many methods for 
corrosion control have been applied. External treat- 

nt measures that minimize boiler feedwater alkalinity 
\ il reduce the carbon dioxide content of the steam. The 
li 1e-soda and lime-gypsum softening processes will re- 
(ove alkalinity to the range of 50 to 60 ppm, principally 
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Line Corrosion 


By H. L. KAHLER’ and J. K. BROWN' 


in the carbonate form. With normal softener balances, 
the expected carbon dioxide content of the steam will 
approximate 17 to 21 ppm, when employing 100 per cent 
makeup. Use of hot lime—hot ion-exchange permits a 
further decrease in carbon dioxide by minimizing the 
carbonate alkalinity of the softener effluent. By acid 
treatment of a sodium-zeolite effluent, alkalinity may be 
reduced to the range of 10 to 20 ppm and similar results 
can be produced by combination hydrogen-sodium zeo- 
lite softening. A recent development has been alkalinity 
reduction by chloride-regenerated resins which exchange 
chloride for alkalinity in the softener effluent. 

It is possible by selection of the proper external treat- 
ment processes to produce a minimum carbon dioxide 
content of the steam, in the range of approximately 5 
ppm CO:, when using 100 per cent makeup water. At 
this level of carbon dioxide, corrosion usually is not seri- 
ous. However, at points of condensation and in condens- 
ing equipment where carbon dioxide can concentrate, se- 
rious corrosion results from even this small carbon dioxide 
concentration of the steam. Where oxygen may be in- 
troduced into the condensate through vacuum pumps and 
leakage, a serious corrosion problem develops even with 
adequate preparation of the boiler feedwater. 

Internal treatment measures that have been applied 
to this problem include the use of alkalies and polyphos- 
phates which have been fed to the steam in the form of a 
water solution. Neither alkalies nor polyphosphates 
have been very successful in combating carbon dioxide 
corrosion and the addition of such inorganic solids to the 
steam is objectionable for the same reasons that carry- 
over of boiler water solids is undesirable. 

Ammonia has been successfully employed for control 
of carbon dioxide corrosion and iron pickup in central 
stations with low percentage makeup water and low 
carbon dioxide concentrations in the steam. While a 
reduction in corrosion of ferrous metals can be secured, 
copper- and zine-bearing metals can be seriously cor- 
roded, particularly when oxygen is also present and there 
is opportunity for ammonia to concentrate. Because of 
the higher carbon dioxide concentrations usually found 
in industrial plants, and consequent higher ammonia 
requirements, the problem of copper attack limits the 
application of ammonia. 


* Director of Research, W. H. and L. D. Betz 
t Research Engineer, W. H. and L. D. Betz 











Neutralization of carbon dioxide can safely be accom- 
plished by certain volatile amines such as cyclohexyl- 
amine (CgsHi,.NHe2), morpholine (CsHyNO), and benzyl- 
amine (CsH;CH:NH2). These amines, when fed to a 
boiler, volatilize with the steam and combine with carbon 
dioxide in the condensate to neutralize its acidity. 
These amines in low concentrations are not corrosive to 
copper- and zinc-bearing metals. Control of treatment 
is usually based on feeding sufficient amine to raise the 
pH of the condensate to the neutral zone or above. 
Satisfactory reduction of carbon dioxide corrosion has 
been obtained with the use of the neutralizing amines in 
the absence of oxygen. 

The neutralizing amines have two principal disadvan- 
tages. They provide no protection against oxygen at- 
tack. Secondly, treatment costs may be relatively high 
since they function by neutralizing the acidity of carbon 
dioxide and are required in direct proportion to the car- 
bon dioxide content of the steam. 


Filming Amines 


Introduction of filming amines a few years ago pro- 
vided a new approach to the problem of steam and con- 
densate return-line corrosion (1). It is the purpose of 
this article to report on the field results secured by the 
application of the filming amines under a variety of plant 
conditions over extended periods of time. 

The filming amines function by a new principle, based 
on the deposition of a film of long chain polar amines on 
the metal surfaces. The filming amines in the concentra- 
tions employed do not neutralize carbon dioxide (1). 
Instead they function by forming on the metal surfaces 
contacted an impervious nonwettable film that acts as a 
barrier between the metal and the condensate, thus pro- 
tecting against both oxygen and carbon dioxide attack. 
When the filming amines are adsorbed on the metal sur- 
face, water will not wet that surface; hence the corro- 
sives, carbon dioxide and oxygen, cannot come into inti- 








Fig. 2—Steel and brass specimens after exposure to conden- 
sate treated with filming amines showing nonabsorption of 
water 


mate contact with the fresh metal surface to corrode it. 
The film formed through the use of these amines is of 
substantially monomolecular thickness and does not in- 
crease in thickness with continued treatment. The 
amine will penetrate old corrosion products present on a 
metal surface and deposit a protective film on the metal. 
While continuous treatment is advised, the adsorbed film 
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on the metal surface is quite durable and is not removed 
during short periods of discontinued treatment. 

In Fig. 2 the two steel specimens on the left and the 
two brass specimens on the right after 30 days exposure 
in a condensate system treated with filming amines show 
drolepts of water assuming a spherical form. 

Both specimens in Fig. 3 had a few drops of water placed 
on their surfaces. That on the right, labeled ‘61,’ 
had been exposed to condensate treated with filming 
amines, causing the water to assume droplet form, 
whereas that on the left, ‘‘35,’’ was untreated and did 
not repel the water which spread over the surface. 





6 | 


35 


Fig. 3—Untreated specimen on left and treated specimen 
on right, showing absorption and nonabsorption, respec- 
tively 


The results reported here have been secured through 
the use of octadecylamine (CisHs;NH2). This insoluble 
amine is processed and emulsified so that dispersion and 
feeding from water solutions is possible. This dispersed 
form of the filming amine is applied to steam and return 
line corrosion problems by feeding the solution with a 
small chemical pump to the main steam line at a point 
where it will be well mixed with the steam. The material 
is readily dispersed with the steam and is carried through 
the steam and condensate lines, forming a nonwettable 
protective film on the metal surfaces, as described in 
U.S. Patent 2,460,259 (2). 

Unlike neutralizing amines that must be fed in 
direct proportion to the carbon dioxide concentration 
of the steam, a feeding rate of 15 to 30 ppm of the com 
mercially dispersed filming amine is usually sufficient to 
establish and maintain the desired corrosion-resistant 
film on the metal surfaces. Consequently, except at 
very low carbon dioxide concentrations, the filming 
amine treatment is considerably more economical than 
use of the neutralizing amines. 

Evaluation of plant results has been secured through 
careful records of maintenance and line replacement 
costs and also from the exposure of test strips at repre 
sentative points in the condensate system. In general, 
test strips have been exposed in duplicate over two- and 
four-week intervals, both before and after applying treat 


ment. Fig. 4 illustrates a typical test specimen bypass 
installation. 


Summary of Plant Data 
A summary of data obtained from plants of widely 
varied operating characteristics is given in Table 1. It 
will be noted that the protection secured with the filming 
amine ranged as high as 99 per cent with carbon dioxide 
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concentrations in the group of plants listed varying from 


{| to 160 ppm. The corrosion rate shown by the test 
specimens is not directly proportional to the carbon diox- 
ide content of the steam in each plant. Flow rate past 
the test specimens, temperature, and oxygen concentra- 
tion vary in individual cases. However, the percentage 
protection secured is an accurate value since the test 
specimens were exposed at the same point in the system 
and under the same operating conditions, both before 
and after the application of the filming amine. 

A supplementary benefit secured from the filming 
amines is their ability to promote dropwise condensation 
of the steam. Dropwise condensation provides much 
more efficient heat transfer than film condensation. The 
nonwettable film formed by the amine on heat-exchange 
surface assists in this more efficient dropwise condensa- 
tion. In many cases, treatment of the steam with the 
filming amines can be justified from the increased heat- 
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Fig. 4—Bypass for test specimen installation 


transfer efficiency alone. For example, in certain paper- 
mill drying operations, improvement of 5 to 10 per cent in 
efficiency has been obtained. 

Another benefit secured with the filming amines has 
been the remaval of old corrosion products from lines, 
traps and heat-exchange surfaces. The filming amine 
possesses a definite cleaning effect which can be controlled 
by variation in the rate of amine feed. In badly 
fouled systems, where it is desirable to remove old iron- 
oxide deposits gradually, the filming amine has been fed 
initially at the low feed rate, such as 5 ppm, and then 
gradually increased as the deposits were removed. 

Examination of test specimens exposed with filming 
‘mine treatment, both in plant practice and in pilot 
plant work, has indicated no tendency for corrosion to 
concentrate in the form of pitting. It is believed that 
the filming amine functions as an adsorption inhibitor 
ond, with reasonably continuous treatment, maintains 
complete coverage of the metal surface, thus aifording no 
(pportunity for localized attack. 


COMBUSTION—danuary 1954 


Toxicity tests on the commercial filming amine, pre- 
pared from refined (redistilled) octadecylamine have 
shown that even at 100 times the normal concentration 
used, the material is not toxic to laboratory animals. 
No undesirable dermal effects are noted by contamina- 
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tion of bandages, dressings, etc., at 500 times normal con- 
centration. Food plants, hospitals, textile plants and 
all types of industry employing steam in direct contact 
with the product have employed filming amines without 
adverse effect for several years. 


Maintenance Data 


Usually it is not possible in an individual plant to 
relate directly the data secured from test specimens with 
the actual cost of corrosion and the savings possible 
through correction of the corrosive condition. How 
ever, comparison of maintenance costs before and after 
the application of treatment will indicate the actual sav 
ings secured. A few typical plants will be discussed. 

A small eastern plant, operating at 150 psi and produc- 
ing 300,000 Ib of steam per day, employs sodium-zeolite 
softening of a fairly high bicarbonate makeup water. 
The carbon dioxide content of the steam averages 40 ppm. 
Continual maintenance was required because of failure 
of condensate lines from steam kettles and unit heaters. 
Exposure of specimens before and after application of 
the filming amine indicated approximately 80 per cent 
reduction in corrosion. Maintenance records at this 
plant showed that the use of filming amines resulted in 
an annual savings of approximately $8000, including both 
materials and labor, over and above the cost of treat- 
ment. 
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An eastern aircraft manufacturing plant, operating 
at 125 psi, with makeup varying from 45 to 75 per cent of 
the boiler feedwater, was plagued with excessive corro- 
sion throughout an extensive return-line system. Car- 
bon dioxide in the steam varies from 14 to 27 ppm. A 
yearly expenditure of $1200 for filming amine treatinent 
resulted in an annual savings of $7300 in material and 
labor in return-line maintenance. It is estimated that 
an additional savings of 6000 Ib of steam per hour was 
secured principally by elimination of blow-by of steam 
past the traps, caused by corrosion and clogging of the 
seats with corrosion products (3). 

Table 2 summarizes test specimen data from this 
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plant and is particularly interesting since the increased 
protection secured over several months time is shown. 
As will be noted, the corrosion rate for Building No. 2 
was not excessive even before treatment. The filming 
amine reached this point in the system quite quickly and 


TABLE 2 . TEST SPECIMEN DATA SHOWING INCREASED 





PROTECTION OVER A 5 MONTH PERIOD 











Tim of Average Penetratioa, Inches/Year 
Test Conditions Exposure, Weeks Bullding Number 2 combined Returns 

Before treatment 2 0.0020 0.0250 
0.0015 0.0 500 

+ 0.0015 0.0205 

“ 0.0010 0.0215 

Treatment started two 2 0.0001 0.0078 
weeks before speci - 2 0.0005 0.0084 
mens exposed ‘ 0.0001 0.0080 
“ 0.0001 0.005 

Specimens exposed 2 0.0001 0.0005 
after five months of é 0.0005 0.0005 
treatmeat “ 0.0002 0.0001 
. 0.0005 9. COO 


promptly reduced the corrosion rate to a negligible value. 
Tests conducted five months later showed essentially the 
same results. 

Specimens exposed on the combined returns showed a 
high corrosion rate prior to treatment. The steam and 
condensate systems at this plant are quite extensive and 
while an immediate improvement was noted on first 
applying the filming amine, the full effects of treatment 
were noted on the samples exposed five months later 
The specimens exposed in the combined returns probably 
did not receive the full benefit of the filming amine treat 
ment until all of the long lines acquired an amine film. 
It was believed, since the system was badly corroded, that 
some amine was adsorbed by iron oxide deposits until 
gradually all of the surfaces became saturated. 

A plant generating 5,000,000 Ib of steam daily at 150 
psi conducted a thorough study of the effectiveness of 
the filming amine by first feeding the amine to only one 
small section of the plant and observing results through 
the installation of test specimens. On tests extending 
over several months, corrosion protection values as high 
as 98 per cent were shown. After application of the 
filming amine to the entire steam system, maintenance 
records indicated an annual savings of approximately 
$40,000. 

A mid-western plant, sprawling over 130 acres and 
with a building heating volume of 90,000,000 cu ft suf 
fered high maintenance cost due to failure of unit heaters, 
traps and piping. At this plant, separate tests were 
conducted with the addition of phosphates to the steam, 
with neutralizing amines and with filming amines. Film 
ing amines were adopted as a treatment based on test 
specimen data. For the portion of the system for which 
maintenance data were available, unit heater and con 
densate line maintenance decreased $5,500 annually (4). 
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Flyash Gaining Acceptance 
As An Admixture In Concrete 


Lp sea or a tentative spect 
fication for flyash as an admixture 
concrete took a major step forward 
the Fall Meeting of Committee C-? 
Concrete and Concrete Aggregates 
the Amerwan Society for Testing 
\Iaterials, at Purdue University \ 
draft of the proposed 
vas reviewed im detail by the subcom 


speciiication 


tittee and the fimal draft will now be 
circulated to the 
letter ballot In view of the changes im 
the final draft of the specification, 1t 


subcommittee for 


will now be necessary to rewrite the 
lest Method for Flvash as an Admix 
ture for Portland Cement Concrete 
C 3il 23 T The proposed speci 
cation and the revised tentative will 
presented to the parent Committe 
C-9 simultaneously for recommenda 
lions as to adoption as ASTM 
ives’ of the Socety, 


lenta 
Significant developments were r 
orted in the study of chemical re 
itions of aggregates and concrete 
ind the subcommittee dealing with this 
ubject presented a draft of a prop sed 
tentative method of test for potential 
olume change t 
combinations 
‘Significance of Tests of Concrete 
ind Concrete Aggregates”, 
fechnical Publication 22, 
by Committee C-9, has been very much 
in demand, and comes of the last edition 
have now beer exhausted. Heeding 
this demand, the committee accepted 
t proposed outlhne for an entirely new 
edition which will be expanded to in 
clude the significance of properties 
is well as tests of concrete and con 
crete aggregates authors 
lave been assigned, and the develop 
ment of this proyect will proceed rapidly 
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with the expectation that it may be 
completed early in 1955 


Instrument Conference 


rhe Instrument Society of America 
will hold its 9th Annual Regional Con 
ference on Wednesday, February 4, 
1954 at the Hotel Statler in New York 
City. Four separate groups, namely 
power, process, medical and aviation 
will present papers on ‘Progress in 
Measurement.’ The banquet speaker 
will be Dr. S. A. Goudsmit, Senior 
Scientist, Brookhaven National Labora 
tory, who will speak about his work in 
the atomic energy field 

Che following papers are expected to 
be of interest to engineers in the steam 
power field 

| Observations of Air Flow and 
Steam Flow Measurements,’’ by A. 1 
Jorgenson, manager of electric produc- 
tion of Long Island Lighting Company 





A Reputation for Dependability 


is Our 


Sy-Co Corporation 
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NEW YORK 4, NEW YORK 
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Most Valued Possession 





2 The Effect of Measurement 
Errors on Plant Performance Tests,’ by 
Dr. S. Baron, staff mech. engr., head of 
Heat Balance Department of Burns & 
Roe, Inc., New York 

3. “Gas Sampling Techniques for O 
and CO, Recording,” by D. Burns, chief 
engineer of Havs Corporation 


Bimetallic Transition Pieces 
Gain Acceptance 


Public Service Electric and Gas Co 
at its 1500 psig, 1050 F, Sewaren 
Station was the first to emplov special 
bimetallic Kelcaloy 


between chrome-moly main 


transition preces 
steam 
piping and stainless steel valves. Then 
Consolidated Edison of New York 
selected Kelcaloy 
Avenue Annex Che basic reason be 


pieces for Hudson 


hind their action was an understandable 
reluctance on the part of designers to 
jon by butt welding two metals of 
widely varying thermal coefficients of 
expansion. The ferritic 2'/, per cent 
chrome, | per cent moly and the 
austenitic type 547 steels have a differ 
ence of about 50 per cent in their 
thermal coefficients 


rhe transition piece elimimates the 


need to weld these metals together 


The new coal handling system 
installed by Sy-Co Corpora- 
tion at the Marine Corps Air 
Station, Cherry Point, North 
Carolina. This view taken 
from the bunker level at the 
power house. 
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New Catalogs 


and Bulletins 


Any of these may be secured by writing 
Combustion Publishing Company, 200 
Madison Avenue, New York 16, N. Y. 











Synchronous Motor Control 


Synchronous motors, their operation 
and control, are described in a two-color 
16-page bulletin announced as avail 
able from the General Electric Co 
Designated as GEA-5873, the publica 
tion explains the electrical operation of 
synchronous motors and the areas where 
control is essential. Problems common 
to synchronous motor applications and 
their solution by using the correct con 
trol equipment are explained in a ques 
tion-answer technique. 


Deslaggers 


Bulletin 1016 issued by the Copes 
Vulcan Division of Continental Foundry 
& Machine Co. shows how dual-motor 
drive and high striking power are com 
bined to stop water wall buildup with 
wall deslaggers. Sketches and cutaway 
show the easy accessibility for inspection 
and maintenance. 


Demineralizing 


A 29-page booklet on water treatment 
by demineralizing has been prepared by 
the Cochrane Corp. It explains the 
principles of ion exchange and discusses 
many anion and cation exchange ma 
terials. There are curves which enable 
the preparation of estimates of operating 
costs of demineralizing systems. Oper- 
ating results and flow diagrams of sev 
eral existing plants are also shown in 
Bulletin 5800. 


Single-Stage Turbine 


A six-page Bulletin, No. 4206, con 
taining design features, dimensions and 
performance data on the De Laval 
HCB single-stage turbine has been 
issued by the De Laval Steam Turbine 
Co. There is a two-page cutaway dia 
gram of the turbine with a descriptive 
list of 18 design features. Dimensions 
of principal parts, performance data 
and construction materials are given. 


Materials Handling 


Sauerman Bros., Inc., has released a 
four-page brochure on long-range ma 
terials handling machines. Line draw- 
ings are utilized to provide a simple ex- 
planation of how the drag scraper, 
slackline cableway and tautline cable- 
way operate. Typical installation 
photographs are also shown. 
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Electrostatic Precipitators 


Operators contemplating the installa 
tion of equipment for recovering dusts, 
fumes, mists or other similar suspensions 
in stack or process gases will find much 
valuable data in a 40-page booklet 
issued by Western Precipitation Corp 
Che booklet summarizes the latest ad 
vancements in Cottrell precipitator 
equipment, outlines various types of 
electrode designs and gives helpful in 
formation on combination mechanical 
electrical recovery systems. 


Signal Transmitter 


Bulletin No. 2653 published by Hagan 
Corp. illustrates and describes a com 
bination 1500-psi liquid line-flow meas 
uring element and pneumatic flow-sig 
nal transmitter equipped with square 
root extraction cam for linear indica 
tion, recording or control of furnace 
fuel and process liquids. Mention is 
made of the simplicity of checking the 
instrument by dead-weight calibration 


Pipe Insulation 


Aluminum-jacketed Foamglass pipe 
insulation is the subject of a bulletin 
prepared by the Pittsburgh Corning 
Corp. It points out the advantages of 
the factory-wrapped cellular glass in 
sulation. In addition to describing the 
economies made possible by the alumi 
num jacket, illustrated condensed speci 
fications for the insulation of both hot 
and cold lines are presented. 


Feedwater Heaters 


Bulletin 5-217 is a six-page, two-color 
folder which illustrates and describes 
latest developments in feedwater heat- 
ing by the Stickle Steam Specialties 
Company. Features and construction 
of a baffle-spray type deaerating heater 
are included. 


Thermocouples 


A 42-page data book and catalog, 
Bulletin TC-10, has been published by 
the Wheelco Instruments division of the 
Barber-Colman Company to illustrate 
their complete line of thermocouples, 
radiation detectors and resistance bulbs. 
Instructions are provided for making 
thermocouples, and there are a number 
of tables showing thermocouple calibra 
tion data. 


Centrifugal Pumps 


Bulletin No. 237-C has been prepared 
by the Pennsylvania Pump and Com 
pressor Company to describe Thrustfre 
’, 3 and 4-stage pumps for heads up to 
150 psig and with capacities ranging 
irom 50 to 850 gpm. General spectfica- 
ions, cutaway drawings and photo 
sraphs of pump details make up the 
emainder of the eight-page bulletin. 
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Save With This Matchless 
ONE-COAT SUPER FINIS 















Cement... 


A Light, Efficient 
Insulation 


@ Easiest to Apply 

@ Adhesive 

@ Maximum Coverage 

@ Smooth, White Finish 
@ Hard @ No Cracking 


@ Resistant to Abrasion 
and Water 


@ Ready fo Paint or 
Weathercoat 


Save with R & | Super Finish 
Stic-Tite~—the insulating ce- 
ment that goes further — lasts 
longer. 100 Ibs. covers 80 sq. 
ft.— Ya" thick, or 160 sq. ft.— 
Ya"' thick. Can be easily trow- 
eled smooth in ONE COAT 
directly on block, blankets or 
metal surfaces, air-drying 
quickly without shrinkage or 
cracking. 

One-coat application saves 
time and labor. 

Super Finish Stic-Tite is low 
in material cost, low in over- 
all cost, long lasting. 





Use One-Coat 
Super Finish Stic- 
Tite on flanges, 
valves, fittings, 
flat or curved sur- 
faces of boilers, 
fans, tanks and 
other equipment, 
whether indoors 
or exposed to the 
elements. 


G 
SOPER FINISH STIC-TITE 


Get the Facts — Mail this Coupon Today 


Oe SS RRS SSS SSS Sees ae, 


PREFRACTORY & INSULATION CORP. § 
124 WALL STREET . NEW YORK 5, N.Y. § 











4 Send me a sample bag of Super Finish Stic-Tite and bulletin 4 

s 
i Name Title a 
| Company q 
i ‘Address i 
4 City Zone State i 
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Modern Design for te 


MODERN COAL 


The Fairmont Coal Bureau has made available to consulting engi- 
neers and equipment manufacturers a TYPICAL DESIGN for the 
small industrial steam plant. Prepared as a guide to good engi- 
neering it achieves maximum economy of investment and engineering 
costs, while featuring: 


@ Fuel flexibility 





@ High efficiency 
@ Low fuel costs 


@ Minimum labor requirements 





he 


— 











1? 
i @ Cleanliness, Automaticity, Reliability 
Fairmont Pittsburgh Seam Coal is the MODERN COAL. Enormous reserves and 
inherently favorable mining conditions guarantee ample supply and low production 
cost. Modern mining and preparation facilities assure uniform quality. 


Fairmont Coal Bureau engineers are freely available to help you solve fuel and 
combustion problems. Write for Technical Reference Bulletins and other valuable 
publications. 


FAIRMONT COAL BUREAU 


Dept. JC, 122 East 42nd St., New York 17, N. Y. 








with a ONE MAN 


SAUERMAN 
DRAG SCRAPER 


Simplified equipment means a simplified job—that’s why one 

man can store so much coal so quickly with a Sauerman Drag 

Scraper. This single operator, at the head end of the installation, controls every 
move automatically—spreads coal rapidly into well packed layers 

that discourage spontaneous combustion. 


For completely dependable service with a minimum of maintenance, you 
can always rely on world-famous Sauerman equipment. Many 

operators report that with proper maintenance their machines are good 

as new after more than a quarter century of steady operation. 


Write today for Sauerman Coal Storage Catalog 


SAUERMAN BROS. INC. 


550 S. Clinton St., Chicago 7, Ill. 








New Equipment | 








Air-Cleaning Unit 


A low-cost electronic air-cleaning 
unit, the PX Precipitron, is available 
from the Westinghouse Electric Corp. 
Sturtevant Division, 200 Readville St. 
Boston 36, Mass. Accumulated dirt 





on the electronic collector-plate surfaces 
of the unit is flushed away by hot 
water from needle-spray nozzles at- 
tached to a motorized header. Typical 
installations are found in industrial 
plants, office buildings, food processing 
plants and hospitals. 


Miniature Venturi Tube 


Measurement of fluids, gaseous or 
liquid, in quantities considered too 
small for normal size Venturi or orifice 
can now be accomplished with the Type 
TF Venturi recently developed by the 
Simplex Valve and Meter Co., 6Sth and 
Upland Sts., Philadelphia 42, Pa. This 
tube comes in the following inlet sizes, 
'/o, 3/4, 1, 1"/4, 12/2 and 2 in., with four 
different ratios of throat to main in 
each size. It may be made of cast iron, 
stainless steel or bronze to fit the fluid 
handled. 

Ordinarily the Type TF Venturi is 
installed directly in the pipe line and 
requires no supplemental approach or 
downstream pipe section. Where the 
pipe line is different than the selected 
standard ratio Venturi, special attention 
must be given to the conditions of 
approach, 


Generator Relay 


When the damaging effect of negative 
sequence current from a faulted line 
approaches a pre-set maximum, Type 
COQ, a negative sequence overcurrent 
relay manufactured by Westinghouse 
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Llectric Corp., 401 Liberty Ave, Box 
2278, Pittsburgh 30, Pa., initiates the 
necessary action to remove the generator 
from the line. A current filter with 
output proportional to the negative- 
equence input operates a Type CO 
overcurrent relay to initiate tripping of 
a circuit breaker. Rated at 3 to 5 amp, 
0 eyeles, the COQ has taps at 3, 3.25, 
3.5, 3.8, 4.2, 4.6 and 5.0 amp. Relay 
characteristics are matched to generator 
characteristics by means of eight dial 
settings from ‘4”’ to “11,”’ with “4” on 
the dial representing ‘30’ for a gener- 
ator characteristic. This ‘30"’ means it 
takes 30 seconds to close the relay con 
tacts. A time dial setting of ‘11’ repre- 
sents a generator characteristic of “90.” 


Belt Cover 


A promised resistance to abrasion and 
tearing never before attained is the ex- 
pressed belief of the Manhattan Rubber 
Div., of Raybestos-Manhattan, Co., Inc., 
Passaic, N. J., for their new conveyor 
belt cover, known as XDC, 

This cover is an outgrowth of the 
manufacturer's findings that conveyor 
belt cover tensile strength has been 
overemphasized as the prime factor in 
belt specification. Actually most final 
conveyor belt failures trace back to 
cover wear through abrasion, cuts and 
tears and not cover tensional stress 
rhe new product employs a blending of 
ingredients that reportedly results in a 
balance-of-wear between major strength 
members and belt cover plus a superior 
flex life and resiliency. 


Mercury Rectifier 


Adjustable speed needs on industrial 
applications will profit from the Xatron 
\V*S variable voltage, power drive for 
mercury rectifiers, recently marketed 
by the. Reliance Electric & Engineering 
Co., 1088 Ivanhoe Road, Cleveland 10, 
Ohio. This drive, product of four 

ears’ design research and engineering, 





mploys a single anode mercury pool 
‘ctifier tube, the Xatron, to convert a-c 
» controlled d-c variable voltage for 
pplication to adjustable-speed drive 
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ALBRIGHT STATION’ 


Monongahela Power Company 
Fairmont, West Virginia 


Units =] and #2 are in operation. The fans for Unit #3 have been designed and 
are being constructed. They will be larger than the fans for the first two units. 
Boiler 23 will operate on the same type of fuel (pulverized coal) and is expected 
to generate one million pounds of steam per hour. 


Each boiler now in service is served by two Forced Draft and two Induced Draft 
Fans with the following specifications: 


F.D. Fans Double inlet with radial inlet vanes; outlet dampers; rain hoods 
and recirculating duct connections. Capacity for each fan: 
110,500 cfm; 100 F; 14.7” SP; 1180 rpm; 348 hp. 


1. D. Fans Double inlet, special control type inlet dampers and outlet 
dampers. Capacity of each: 187,000 cfm at 350 F; 13.5” SP; 
880 rpm; 566 hp. 


Green Fans can show an excellent record of efficiency and durability. They can 
be found in many of the leading and recently completed 
utility and industrial power plants. They have back of 
them a fund of knowledge about fan requirements and 
fan design. They serve their users well. 


*Sonderson & Porter, Engineers 


on a relly all about Green 


Economiter Fuel pst sen Fans. Write for a copy. 
carer cnetinnel = 


Aerodyne Dust Collectors 
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IT TAKES 


to assure full 
safety from 


' Prevent boiler outage and 
| expensive water level acci- 
ww 

dents. Have double safety 
through double supervision — so easy to obtain with the Reliance 
Safety Team. The automatic alarm water column has saved thou- 
sands of boilers from damage or explosion. Its sensitive mechanism 
sounds a shrill whistle or other sound warning the moment dan- 


gerous water levels develop. 


Most operators don’t want to hear that final warning so they keep 
tab on the gage reading. The handiest, easiest gage to read is the 
eye-level gage — the always accurate Reliance EYE-HYE Remote 
Reading Gage. Mount it on instrument panel or wall. Its illumi- 
nated green indicator is hard to miss. 


Ask your nearest Reliance Representative about the Safety Team, 
or write to the factory. 


THE RELIANCE GAUGE COLUMN CO., 5902 Carnegie Ave., Cleve. 3, Ohio 
TE 


' 





water level failure 





Reliance Safety Team 


warns operators by 


SOUND and by SIGHT 





equipment of all descriptions. 

The first size available, operating in a 
three-phase bridge arrangement, pro 
vides conversion for 30-, 40- and 50-hp 
drives. The control units are sub 
stantially lighter in weight, and for 40 
and 50-hp drives, smaller in size, than 
control units including rotation con 
version equipment. 


Instrument Calibrator 


Fully portable, medium pressure 
pneumatic instrument calibrator, operat 
ing from a 35 psi air source, can test 
and calibrate pressure instruments 
ranging from a 20-in. H,O point to a 
25 psi level, according to its maker, 
Republic Flow 


Meters Co., 2240 





Diversey Parkway, Chicago. The de 
vice performs the same function as an 
air loader and may be adjusted accu 
rately to produce any pre-determined 
pressure by adding or removing cali 
brated weights from a weighbeam 
This avoids the slow process of setting 
output pressures with a manometer. 


Weighing Scale 


Where overhead clearance is limited 
the Transportation Div. of the Sinter 
ing Machinery Corp., Netcong, N. ] 
have designed an offset weighing scale 
for use on new or existing belt convevors 
The weight integrator scale levers and 
suspension framework all go under the 





conveyor and the weight integrator, 
mounted in a dust-tight cabinet, can be 
located on either side of the conveyor. 
All transportometers include a standard, 
completely mechanical, gear differ 
ential integrator to automatically and 
continuously record the product of belt 
speed and momentary weight passing 
over the scale suspension. Capacities 
are governed only by conveyor belt 
capacity now in service. 
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Personals 








Lance H. Cooper, chairman of the 
Mend Nickel Co., Ltd., has been 
elected to vice president of its parent 
company, the International Nickel Co. 
of Canada, Ltd., and assumed his new 
post January 1, 1954. 

James M. Sturman was recently 
raised to sales manager of the newly 
formed Escher Wyss Division, of 
Cleaver-Brooks Co. from his post as 
West Coast sales manager of distilla 
tion units. 

C. Burton Clark, with the research 
department of Harbison-Walker Re 
fractories Co. since 1937, has now 
been named senior mineralogist. 

Reliance Electric & Engineering Co 
recently announced three promotions 
involving (1) John Drollinger Jr., 
manager of the Toledo office to the 
post of manager of the renewal parts 
and repair division in Cleveland; (2) 
William C. Mitchell, sales application 
engineer in Baltimore to the position 
vacated by Drollinger in Toledo; (3) 
Robert O. Gee, an application en 
gineer in the Cleveland main office to 
manager of service, based in Cleveland. 

Three recent graduates of the Allis- 
Chalmers Mfg. Co. training course for 
vyraduate engineers have moved to 
new assignments, Nicholas J. Balazo 
and Willard H. Melton to superintend 
ents in the general machinery divi 
sion’s service section and Dudley B. 
Smith, Jr., to service engineer in the 
midwest region. 

Harold W. Sweatt, president of 


Minneapolis- Honeywell Regulator Co 
since 1934, succeeded Mark C. Honey 
well, now honorary chairman, as the 
chairman of the board of directors. 
Paul B. Wishart, vice president and 
general manager, assumed the duties 
of president to replace Mr. Sweatt. 


Gerald T. Shannon has been se 
lected for managing engineer of the in 
dustrial engineering department of 
Walter Kidde Constructors, Ine., 
to direct that department's expanded 
activities. 

Harold A. Anderson, vice president 
and eastern district manager since 
1946, will join the Austin Co.'s head 
quarters staff at Cleveland as vice 
president and assistant general manag 
er to help in planning and coordinat 
ing the general functions of the firm. 

E. M. Logan and J. L. Rainier have 
been appointed service engineers for 
the Simplex Valve and Meter Co. 
with Logan working out of Florida 
and Rainier out of Oklahoma. 

George H. Clifford, president since 
1929 of Stone & Webster Service 
Corp., was named chairman of the 
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OIL BURNERS 





have these 


7 ADVANTAGES 
in coal 


They may be installed in practically al) 
types of pulverized coal burners, with 
these seven important advantages: 


@ They worm up cold furnaces 
@ They ignite pulverized coal—safely 


@ They assure continuous operation 
in case coal system fails 


@ They provide efficient and safe 
operation on bank and at low loads 


@ They respond almost instantly to 
sudden load changes 


@ They permit operation with oil or 
coal—whichever is available and 
lowest in cost per BTU, 


@ All capacities of steam, air or me- 
chanical-atomizing types are inter. 
changeable 


The foregoing are only a few of the reasons 
why Enco oil-burners have been bought 
by a long list of leading industrial firms. 
Details of how Enco oil-burners can be 
adapted to your present pulverized coal 
burners will be gladly supplied — without 
obligation. Write The Engineer Company. 
75 West St., New York, N. Y. 











Combination coal 
and oil burner 
(Steam or air 
atomizing type) SSE 














Combination coal and oil burner 
(Mechanical atomizing type) 





board and R. N. Benjamin, vice presi 
dent since 1948, was elected president 
of the business advisory 
company. 

Paul D. Brooks, since 1950 manager 
of the sales and marketing department 
of Ebasco Services, Inc., has been 
elected to the post of commercial 
vice president of American Gas and 
Electric Service Corp. 

Henry A. Leilich has been appointed 
a project engineer for the Machinery 
Division of Dravo Corp. to specialize 
primarily in power plant engineering 
and construction. Mr. Leilich was 
formerly a staff engineer with P. F 
Loftus Corp. 


service 





Business Notes 











A new alloy fabricating plant con- 
stitutes one of the highlights of Ben- 
jamin F. Shaw Co.’s sixtieth anni 
versary. This new facility has been 
added for processing the increasing 
volume and varieties of alloy steel 
piping ranging from ferritic low- 
chrome types to the austenitic chrome 
nickel classes and will raise the com 
pany’s output for this piping for 
refineries, chemical plants, and power 
stations by 50 per cent. 

Burrell Corp., Pittsburgh, Pa., has 
been appointed exclusive distributor 
in the United States for Stanton 
Instruments, Ltd., London, England, 
and their precision balances, used 
principally in laboratory weighings 
where speed and accuracy are needed. 

A full-size General Electric Co. 

mechanical drive turbine, Type DP 
will be featured as an exhibit at a 
number of industrial shows and ex 
positions during the coming year, 
starting with the Plant Maintenance 
Conference in Chicago, January 25 
28. An a-c motor drives the turbine 
for display purposes and as the speed 
is varied the action of the governing 
valve can be observed. 
? Electric power supply throughout 
Michigan’s Thumb Area was in 
creased by 150,000 kw, November 29, 
when another steam turbine gener- 
ator, the second of four, was put on the 
line at Detroit Edison Co.’s still un- 
finished St. Clair power plant. The 
two final units are slated for operation 
by July 1954. 

Fairfield Engineering Co. recently 
announced the appointment of the 
Hank Thurstin Co., Denver, Colo., 
as their representative in that area. 

Sanderson & Porter have been 
engaged as consultants to the avia- 
tion gas turbine division of Westing- 
house Electric Corp. on the develop- 
ment and production of jet engines. 
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NATIONAL CASH REGISTER 


SAVES *7() OOO 4 vear 


One of the two new boilers used to supply base steam loads 
for NCR’s plant. Older pulverized coal boilers handle swings. 


Before you build a new plant or remodel 
your present one, let a consulting engineer 
show you how a modern bituminous coal 
installation—tailored to your needs— 

can save you money. 

With modern coal-burning equipment, you can 
save from 10% to 40% on steam costs. 
Automatic coal- and ash-handling systems 


can cut vour labor costs to a minimum. 


You're set for the future, too, with coal. 
Coal reserves are virtually inexhaustible. 
America’s highly mechanized coal industry 
is the world’s most efficient. Thus you 

are assured of a dependable supply of coal, 
at relatively stable prices, for years to come. 


BITUMINOUS COAL INSTITUTE 


A Department of National Coal Association 
Southern Building, Washington 5, D. C. 


NCR recently installed two modern, stoker- 
fired boilers in their Dayton, Ohio plant. 


They supply the major part of the steam 
used in generating power for 28 factory 
buildings and heat for nearly 72 acres of 
floor space. The savings made have convinced 
NCR that for high efficiency and low costs, 
you can’t beat an up-to-date bituminous 
coal-fired installation. 


Big Loads! |.oads run up to 300,000 lbs. per 
hour. Annual coal consumption is 
about 60,000 tons. 


No smoking allowed! Located near a 
residential area with strict control regulations, 
National uses dust collectors and smoke 
recorders to make coal clean and 

convenient. 

Additional case histories, showing how other types 


of plants have modernized and saved money with 
coal, are available upon request. 








If you operate a steam plant, you can’t 
afford to ignore these facts! 


BITUMINOUS COAL in most places is today’s lowest- 
cost fuel, and coal reserves in America are ade- 
quate for hundreds of years to come. 


production in the U.S.A. is highly mechanized 
and by far the most efficient in the world. 


prices will therefore remain the most stable of 
all fuels. 


is the safest fuel to store and use. 


is the fuel that industry counts on more and 
more—for with modern combustion and hand- 
ling equipment, the inherent advantages of 
well-prepared coal net even bigger savings. 





FOR HIGH EFFICIENCY jw FOR LOW COST 


YOU CAN COUNT ON COAL! 
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